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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

NOTICE OF LETTING

Sealed bids for Contract No. 18-04, “CORRUGATED METAL PIPE (CMP) LINING - 2018”, will be 

received in the Purchasing Office, Newark Municipal Building, 220 South Main Street, Newark, 

Delaware 19711 until 2:00 p.m., prevailing time, June 26, 2018 and will be publicly opened and read 

aloud in the Council Chamber shortly thereafter.

A non-mandatory pre-bid meeting will be held on June 6, 2018, at 10:00 a.m. at the Newark 

Municipal Building.  Site visits are allowable and must be scheduled at least 10 days in advance 

of bid submission.  For information, call (302) 366-7000.

Plans and Specifications may be obtained from the City’s web page 

www.cityofnewarkde.us/bids.apsx. Information can be found by accessing the Bid/Proposal 

Opportunities link on the home page.

http://www.cityofnewarkde.us/
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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

GENERAL PROVISIONS

1. BIDS

Each bid shall be submitted on the proposal form included herein. The proposal and all other 

required documents must be submitted in a sealed envelope clearly identified with the bidder's 

name and marked "City of Newark - Contract No. 18-04, “CORRUGATED METAL PIPE (CMP) 

LINING - 2018."  Bid Documents must be received in the Purchasing Office prior to 2:00 p.m. 

prevailing time, June 26, 2018.  Each bid so submitted shall constitute an irrevocable offer for a 

period of sixty (60) calendar days following the bid opening date.

A non-mandatory pre-bid meeting will be held on June 6, 2018, at 10:00 a.m. at the Newark 

Municipal Building.  Site visits are allowable and must be scheduled at least 10 days in advance 

of bid submission.  

2. DEFINITIONS

A. Agreement:  The written instrument which is evidence of the agreement between Owner 

and Contractor covering the Work.

B. Contract Documents:  Those items so designated in the Agreement.  Only printed or hard 

copies of the items listed in the Agreement are Contract Documents.  Approved Shop 

Drawings, other Contractor submittals, and the reports and drawings of subsurface and 

physical conditions are not Contract Documents.

C. Contractor:  The individual or entity with whom the Owner has entered into the 

Agreement.

D. Owner:  The individual or entity with whom Contractor has entered into the Agreement 

and for whom the Work is to be performed.  The Owner for this project is the City of 

Newark.

E. Shop Drawings:  All drawings, diagrams, illustrations, schedules, and other data or 

information which are specifically prepared or assembled by or for Contractor and 

submitted by Contractor to illustrate some portion of the Work.

F. Site:  Lands or areas indicated in the Contract Documents as being furnished by Owner 

upon which the Work is to be performed, including rights-of-way and easements for 

access thereto, and such other lands furnished by Owner which are designated for the 

use of Contractor.
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G. Subcontractor – An individual or entity having a direct contract with Contractor or with 

any other Subcontractor for the performance of a part of the Work at the Site.

H. Work:  The entire construction or the various separately identifiable parts thereof 

required to be provided under the Contract Documents.  Work includes and is the result 

of performing or providing all labor, services, and documentation necessary to produce 

such construction, and furnishing, installing, and incorporating all materials and 

equipment into such construction, as required by the Contract Documents.

3. BID SECURITY

Each bid must be accompanied by a certified check, cashier's check, or bid bond in the amount 

of five percent (5%) of the proposed bid price, payable to the City of Newark. Failure to provide 

the required bid security may be grounds for rejection of the bid.  If the successful bidder fails or 

refuses to execute and deliver the contract within fourteen (14) calendar days after receiving 

notice of the award of the contract, the successful bidder shall forfeit to the City for such failure 

or refusal the security deposited with the bid.  Any certified check or cashier's check submitted 

as security shall be returned to all unsuccessful bidders sixty (60) calendar days after the bid 

opening date. The successful bidder shall provide the City with a Contract Surety Bond in the full 

amount of the contract guaranteeing faithful performance of the contract. Such bond shall be 

provided to the City with the executed contract within fourteen (14) calendar days after receiving 

notice of award of the contract.  Upon receipt of the contract surety bond, the City will return 

any certified check or cashier’s check submitted as bid security by the successful bidder.

4. TAXES

The price(s) quoted shall not include federal or state taxes. If applicable, the successful bidder shall 

provide the City with three (3) copies of the required tax exemption forms to accompany the 

bidder's invoice.

5. AWARDS

The City Manager will review each of the bids submitted and make a recommendation to the City 

Council on the disposition of the bids.  The City Council reserves the right to accept or reject any 

or all bids or parts of bids as they may determine and to waive any irregularities or defects where 

the best interest of the City would be served.

6. BID PRICE

The bid price shall include all transportation, delivery, installation and all charges for the goods and 

services specified to complete the work identified for each individual bid item.  The work done under 

this contract will be funded by the City of Newark.  The State of Delaware prevailing wage schedule 

will therefore not be applicable to this contract.
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7. COMPLETION DATE AND TIMES

The Contract will have a start date of July 15, 2018.  The project completion date is December 31, 

2018.  Liquidated damages of five hundred dollars ($500.00) per day may be assessed to the 

Contractor by the City for each day the contract is extended beyond the completion date. Liquidated 

damages are not to be construed as a penalty in any sense.

8. INTENT OF SPECIFICATIONS

It shall be the contractor's responsibility to furnish the goods and services specifically indicated in 

the scope of work and specifications and such other as may be required to meet the intent of the 

specifications, drawings, or as may be necessary to provide the operation intended by the City.

9. EXCEPTIONS/DESCRIPTIVE INFORMATION

Any and all exceptions which are taken to the specifications must be noted in the space provided 

on the proposal.  Any exception to the specifications may be grounds for rejection of the bid. 

10. EQUALS

Where a product is specified by catalog or model number, the acceptability of any other "or 

approved equal" product shall be subject to the sole judgment of the City of Newark.

11. WARRANTIES AND STANDARDS

All goods are to be new and unused in all component parts, including all accessories.  The 

specifications will be construed as the minimum required.  When the manufacturer’s standard 

exceeds the specifications, the standard units will be furnished.  All materials shall be free of defects.  

All standard manufacturer’s warranties and guarantees shall apply to equipment and goods supplied 

under this contract.

All goods and materials shall be produced or manufactured in the United States, unless otherwise 

approved in writing.  Appropriate documentation shall be provided with all goods and material 

submittals.  

12. WORKMANSHIP

Workmanship will conform to the best current manufacturing practice followed for goods of this 

type.  Component parts and units will be manufactured to definite standard dimensions with proper 

fit and clearances.
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13. FINAL INSPECTION

All delivered goods and services will be subject to inspection by the City of Newark, Delaware.  If in 

any way an item fails to meet the terms of the contract, it may be rejected or liquidated damage 

charges made.  The decision of the City will be final and any rejected items or materials will have to 

be replaced at the expense of the vendor.

14. ADVERTISEMENTS

Any bidder submitting a bid will not use the name of the City in any advertisement without first 

obtaining the written consent of the City Manager.

15. EEO AND BUSINESS LICENSES

The bidder shall possess all required business or other licenses and also shall be a fair and equal 

opportunity employer.

16. NON-COLLUSION

The bidder shall not, either directly or indirectly, enter into any agreement, participate in any 

collusion, or otherwise take any action in restraint of free competitive bidding in connection with 

the contract. 

17. ADDENDA AND QUESTIONS

Any changes to the contract documents shall be made by written addenda, issued no later than four 

(4) calendar days prior to the bid opening date.  Bidders shall bear the entire responsibility for being 

sure they have received all such addenda.

Any questions regarding the bidding process should be directed to Ms. Cathy Trykowski, Purchasing 

Administrator, at ctrykowski@newark.de.us or (302) 366-7000. Any questions regarding the 

technical specifications should be directed to Mr. Timothy Filasky, PE, Acting Director, Water 

Resources and Public Works, at tfilasky@newark.de.us or (302) 366-7000.

18. PAYMENT

No invoice will be processed for payment until the goods and/or services have been delivered and 

verification is made that the specifications under this contract have been met. Progress payments, 

when requested, will be evaluated and approved for payment based on work completed to date 

according to the approved schedule of values. Payment for material stored on-site will be made at 

50% of the material’s invoice price. Full payment will be made after the material is installed. 

Payment will be made within thirty (30) days of final acceptance by the City.  
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19. BIDDERS QUALIFICATIONS

No contract will be awarded to any bidder who in the judgment of the City is not a responsible 

bidder, or is not prepared with all the necessary experience, capital, organization and equipment 

to conduct and complete the work for which the bidder proposes to contract.

EACH BIDDER SHALL SUBMIT WITH THE BID A LIST OF AT LEAST FIVE REFERENCES FOR 

COMPLETED PROJECTS WHICH MUST INCLUDE CONTACT PERSON, AGENCY AND PHONE 

NUMBER.

20. LIABILITY INSURANCE

A. Except as otherwise provided by law, the contractor shall at all times maintain and 

keep in force such insurance as will protect him from claims under Worker's 

Compensation Acts, and also such insurance as will protect him and the owner from 

any such claims for damages for personal injuries, including death, which may arise 

from operations under this contract, whether such operations be by the contractor or 

by any subcontractor or anyone directly or indirectly employed by any of them.

B. To be eligible to bid the project, the Prime Contractor shall be required to provide a 

letter stating an insurer is prepared to provide coverage. Formal proof of coverage 

will be required prior to signing the contract.

C. The Prime Contractor shall be required to provide Commercial General Liability (CGL) 

coverage with limits of insurance not less than:

$2,000,000 Each Occurrence Limit

$2,000,000 Personal & Advertising Injury Limit

$3,000,000 Annual Aggregate Limit

$3,000,000 Products-Completed Operations Limit

$1,000,000 Business Auto Liability Limit

$5,000,000 Commercial Umbrella Limit

The Prime/General Contractor, The City of Newark (Owner), Johnson Mirmiran & 

Thompson (JMT) Inc., and all other parties required of the general contractor shall 

be included as insured on the CGL, using Additional Insured Endorsements providing 

coverage as broad as the coverage provided for the named insured subcontractor.

Subcontractors approved in association with the hiring of a Prime Contractor shall 

be required to provide Commercial General Liability (CGL) coverage with limits of 

insurance not less than:

$1,000,000 Each Occurrence Limit

$1,000,000 Personal & Advertising Injury Limit
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$2,000,000 Annual Aggregate Limit

$2,000,000 Products-Completed Operations Limit

$1,000,000 Business Auto Liability Limit

$3,000,000 Commercial Umbrella Limit

D. All Contractors shall provide Contractors Pollution Liability with limits not less than:

Each Claim or Occurrence $3,000,000

Annual Aggregate $3,000,000

The Contractors Pollution Liability policy shall include coverage for Emergency 

Response Costs, Contingent Transportation, Non-Owned Disposal Sites, and 

Natural Resource Damage.  If coverage is written on a claims-made basis, an 

Extended Reporting Period, or tail coverage, shall be provided for thirty (30) days 

following completion of the insured’s services. In the alternative, the Contractors 

Pollution Liability policy shall be renewed for not less than thirty (30) days 

following completion.  The policy retroactive date shall be no later than the 

effective date of this Agreement. 

21. ITEMS TO BE EXECUTED AND SUBMITTED WITH BID

Bidders are notified that the proposal, non-collusion statement, insurance documentation, bid 

security, and all other submittals as outlined in the technical specifications must be executed and 

completed in full and submitted with the bid at the time of bidding, or bid may be subject to 

rejection.

22. ITEMS TO BE SUBMITTED WITH SIGNED CONTRACT

A. Construction Schedule

B. Construction Bond

C. Insurance Documentation

23. RETAINAGE

The City will retain 5% of the progress payments until such time as the project is complete and 

accepted by the City.

24. GUARANTEE

The contractor shall guarantee the work, materials, and equipment and the other Contract 

performances, and shall remedy, without cost to the Owner, any defects that may develop 

therein during a period of one year from the date of the Owner’s acceptance of the Certificate of 

Substantial Completion.
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25. INDEMNIFICATION

The contractor shall solely be responsible and liable for the accuracy and completeness of all 

work performed and shall agree to indemnify, defend and hold harmless the City of Newark, its 

officers, agents and employees, from and against any and all claims, actions, suits and 

proceedings arising out of, based upon or caused by negligent acts, omissions or errors of or the 

infringement of any copyright of patent, by the contractor, its officers, agents, employees or 

subcontractors, in the performance of the contracted agreement.

26. TERMINATION OF AGREEMENT

This agreement may be terminated by the City upon thirty (30) days written notice if the 

contractor fails to perform satisfactorily in accordance with the terms and conditions of the 

contract.  In the event this agreement is terminated, the contractor shall be paid for services 

satisfactorily rendered up to the termination date.

27. FAMILIARITY WITH PROPOSED WORK

A complete understanding of the conditions as they exist is required by careful personal 

examination of the work at the site. Each contractor bidding must completely satisfy himself as 

to the exact nature and existing conditions of the work area and treatment facility. The contractor 

also shall examine carefully the plans, if any, specifications and the contract forms for the work 

contemplated.  Failure to do so will not relieve the successful contractor of his obligation to carry 

out the provisions of the contract.

The contractor shall not, at any time after the execution of the contract, set up any claims 

whatever based upon insufficient data or incorrectly assumed conditions, nor shall claim any 

misunderstanding in regard to the nature, conditions or character of the work to be done under 

this contract, and shall assume all risks resulting from any change in the conditions which may 

occur during the progress of the work.

28. CONTRACTOR’S UNDERSTANDING

It is understood and agreed that the contractor has, by careful examination, satisfied himself as 

to the nature and location of the work, the conformation of the ground; the character, quality 

and quantity of the material which will be required; the character of equipment needed 

preliminary to and during the prosecution of the work; the general and local conditions; all permit 

restrictions and conditions; and all other matters which can in any way affect the work under this 

contract.  No verbal agreement or conversation with any officer, agent or employee of the City 

of Newark, either before or after the execution of this contract, shall affect or modify any of the 

terms or obligations herein contained.

29. SAFETY REQUIREMENTS

The Contractor shall comply with the requirements and standards of the Occupational Safety and 
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Health Act and all other state and local laws, ordinances and codes governing all work to be 

provided under the contract documents.

The Contractor shall maintain on-site and in all vehicles at all times spill response equipment 

appropriate for the types and quantities of fluids and/or materials that may be subject to spillage 

during the project.  All discharges to the storm drainage system or surface waters are strictly 

prohibited.  In the event that a spill reaches the storm drainage system and/or surface waters, 

the contractor shall notify the Public Works and Water Resources Department immediately at 

302-366-7000. The Contractor will also be responsible for spill response and clean-up at no cost 

to the owner.  If the Contractor fails to respond to and clean up a spill to the satisfaction of the 

owner, the owner will perform clean up and bill the Contractor for 150% of the personnel time 

and material expenses incurred by the City as necessary for the response.

30. RESTORATION OF DISTURBED AREAS AND CLEAN UP

Upon completion of the work, all related work, such as lawns, curbs, sidewalks, fences, 

shrubbery, and driveways that have been disturbed shall be restored to their original condition 

and in accordance with City of Newark Standards and Specifications.  The area shall be cleared of 

all tools, equipment and refuse resulting from the project.  The contractor shall, at the end of 

each day, leave the areas in which he has worked, free of debris and safely secure his material 

and equipment.

31. INSPECTION OF MATERIAL AND WORK

A. Workmanship shall be of good quality and all work and material shall be at all times 

subject to the inspection of the City of Newark or their duly authorized 

representatives.  The contractor shall provide reasonable and necessary facilities for 

such inspection.  If required by the City of Newark, the contractor shall take down or 

uncover portions of the finished work.

B. The contractor agrees that in case any of the material or work, or both, shall be 

rejected as defective or unsuitable by the city, material and the work shall be done 

again immediately to the satisfaction and approval of the city at the cost and expense 

of the contractor.

C. Any omission or failure on the part of the City of Newark or inspectors to disapprove 

or reject any defective work or materials shall not be construed to be an acceptance 

of any defective work or material.

D. In case the city should not consider the defect of sufficient importance to require the 

contractor to replace any imperfect work or materials, the city shall have the power 

to make an equitable deduction from the stipulated price.
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E. Neither the inspection nor supervision of the work, nor the presence or absence of an 

inspector shall relieve the contractor of any of his obligations under the contract or of 

making his work conform to the specifications.

32. DEBRIS COLLECTION AND DISPOSAL

The Contractor is responsible for collection, removal, transport and lawful disposal of 

construction debris and or materials.

33. OWNERSHIP OF MATERIAL

All documents prepared and submitted pursuant to this RFP or contract shall be property of the 

City upon submittal and will be subject to staff and public review and discussion in association 

with our public bidding and formal proposal process.  Any information or documents deemed 

proprietary shall be so marked at time of submittal and limited to detail where the disclosure of 

contents could be prejudicial to competing offerors during the process of negotiation, and any 

commercial or financial information of a privileged or confidential nature.
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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

SCOPE OF WORK

1. DESCRIPTION

The project involves the rehabilitation of storm sewer piping consisting of corrugated metal 

located throughout the City of Newark, Delaware.   The Drawings further define the scope of 

work.  The Contractor shall furnish all required equipment, materials, and labor necessary for 

completion of the work.

2. LOCATION

Various locations throughout the City of Newark.

3. PERMITS, CERTIFICATIONS, LAWS AND ORDINANCES

The Contractor is required to have or obtain a City Contractors License prior to starting the work.  

The Contractor is required to obtain any building permits required for completion of the work.  

The fees for City of Newark permits will be waived.

The Contractor shall perform the work in accordance with all local, state and federal laws and 

ordinances.

4. COORDINATION

A. Contractor shall coordinate construction operations with those of other contractors 

and entities to ensure efficient and orderly installation of each part of the Work. 

Contractor shall coordinate its operations with operations that depend on each 

other for proper installation, connection, and operation.

B. Schedule construction operations in sequence required to obtain the best results 

where installation of one part of the Work depends on installation of other 

components, before or after its own installation.

C. Coordinate installation of different components to ensure maximum performance 

and accessibility for required maintenance, service, and repair.

D. Make adequate provisions to accommodate items scheduled for later installation.
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E. Contractor is required to notify in writing via door hangers all properties located 

adjacent to or directly affected by the Contractors work.  

5. SUBMITTALS

The Contractor should provide submittals for review and approval in PDF format.  For scheduling 

purposes, the Contractor shall allow for fourteen (14) day review time by the City.  The Contractor 

shall provide the following submittals to the Owner for review and approval:

A. Construction Schedule

B. Contractor shall submit a sketch of the project area showing the required staging and 

storage area to the Owner for review.

C. Shop drawings for all proposed materials and equipment as outlined in the technical 

specifications.

D. Door hanger used for notifications.

6. RESTORATION

The Contractor is responsible to restore all disturbed areas to original or better condition and 

remove all debris, residuals, trash, and excess materials from the sites.

7. SECURITY AND SITE ACCESS

The Contractor is responsible for security of his equipment and materials related to the work.  

The Contractor is responsible to maintain the work sites in a safe and orderly manner. 

Contractor shall have full use of Project site for construction operations during the construction 

period.  Contractor's use of Project site is limited only by Owner's right to perform work or to 

retain other contractors on portions of Project.

Limit use of Project sites to work in areas indicated.  Do not disturb portions of Project sites 

beyond areas in which the Work is indicated.

A. Driveways, Walkways and Entrances:  Keep driveways and entrances serving premises 

clear and available to Owner, Owner's employees, and emergency vehicles at all 

times.  Do not use these areas for parking or storage of materials.

B. Schedule deliveries to minimize use of driveways and entrances by construction 

operations.

C. Schedule deliveries to minimize space and time requirements for storage of materials 

and equipment on-site.
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8. WORK RESTRICTIONS

A. Comply with limitations on use of public streets and with other requirements of 

authorities having jurisdiction.

B. On-Site Work Hours:  Limit work at the site to normal business working hours of 7:00 

a.m. to 5:00 p.m., Monday through Friday, unless otherwise indicated or approved by 

City of Newark.

C. Any and all work within a DelDOT right-of-way shall be in accordance with DelDOT 

work restrictions and traffic control requirements which may require night time work 

activity inside the right-of-way when impacting the travel lanes. 

D. Weekend Hours:  Weekend hours must be approved by the City.

E. Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by 

Owner or others unless permitted under the following conditions and then only after 

providing temporary utility services according to requirements indicated:

1. Notify Owner not less than five days in advance of proposed utility 

interruptions.

2. Obtain Owner's written permission before proceeding with utility 

interruptions.

F. Noise, Vibration, and Odors:  Coordinate operations that may result in high levels of 

noise and vibration, odors, or other disruption to Owner occupancy with Owner.

1. Notify Owner not less than two days in advance of proposed disruptive 

operations.

2. Obtain Owner's written permission before proceeding with disruptive 

operations.

G. Controlled Substances:  Use of tobacco products and other controlled substances on 

Project sites is not permitted.

H. Contractor shall have contaminant spill response equipment readily available on-site 

during construction activity.

9. STARTING DATE AND SEQUENCE OF CONSTRUCTION

The starting date of this contract will be specified by the City in a written “Notice to Proceed.”  A 

preconstruction meeting shall be scheduled to finalize the sequence of construction. The final 

decision as to the sequence of construction shall be that of the Engineer.
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10. COORDINATION WITH THE CITY

The Contractor shall coordinate all activities with the City.  The Contractor shall provide the City 

with reasonable time to respond to requests for information and for coordination.

11. TECHNICAL SPECIFICATIONS

Technical specifications as attached are included in the contract.

12.  CONTRACT DRAWINGS

Project drawings prepared by Johnson Mirmiran and Thompson (JMT), Inc., as provided are 

considered contract documents.  See the cover sheet of the plan set for the list of drawings.

13. BID ITEMS

Bidders must provide prices on the Proposal form including all adjustment bid items.

14. BASIS OF PAYMENT

The quantity of pipe lining will be measured in linear feet along the bottom centerline as installed 

and accepted.  All other items, methods, and materials necessary to complete the work described 

in each pay item shall be incidental to the bid item the work is being completed under.  

The Owner reserves the right to delete from the Contract one or more items listed and the right to 

add or subtract from the quantity of each item.  The total price to be paid will be adjusted in 

accordance with the Contractor’s unit prices as required above.  There will be no extra 

compensation or increase in unit prices in the Proposal if such additions and/or deletions are made 

to quantities.

15. LINING SYSTEM SELECTION

It is the Contractors discretion as to which lining system they implement for each corrugated metal 

pipe segment.  The Contractor is aware that by submission of their bid, the selected lining system 

for each pipe segment will meet or exceed the specifications for the lining system selected as outline 

in the contract documents.  

16. BASIS OF DESIGN

Below is a basis of design table for each pipe segment.  It is the Contractors responsibility to notify 

the Owner of additional information required to complete the design of the selected lining system.  

Requests for information must be provided in writing to the Owner at least four days before bids 

are due.  
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ASSET ID DEPTH OF 

COVER 

(FT)

GROUND 

WATER 

ELEVATION

OVALITY 

(%)

LOADING LEVEL OF 

DETERIORATION

FACTOR 

OF 

SAFETY

CL00066 5 Crown of 

Pipe

2% HS-20 Fully 2

CL00067 5 Crown of 

Pipe

2% HS-20 Fully 2

PI02827 4 Crown of 

Pipe

2% HS-20 Fully 2

PI02828 4 Crown of 

Pipe

2% HS-20 Fully 2

PI01090 4 Crown of 

Pipe

2% HS-20 Fully 2

CL00110 4 Crown of 

Pipe

- HS-20 Fully 2

PI03120 4 Crown of 

Pipe

2% HS-20 Fully 2

CL00092 4 Crown of 

Pipe

- HS-20 Fully 2

CL00093 4 Crown of 

Pipe

- HS-20 Fully 2
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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

PROPOSAL

To: The Mayor and City Council

Newark, Delaware

From: _______________________________________

The undersigned as a lawfully authorized agent for the below named bidder has carefully examined 

the Bid Documents to be known as Contract No. 18-04 and bids himself on award to him by the 

Mayor and City Council of Newark, Delaware to execute in accordance with such award, a contract 

of which this Proposal and said General Provisions and Specifications and any Addenda shall be a 

part, and to furnish the goods as specified F.O.B. Newark, Delaware in a manner that is in complete 

accordance with said General Provisions and Specifications at the following named unit price on or 

before the delivery period stated below:

Bid 

Item
Asset ID Price / LF

Approximate 

Quantity (LF)
Total Amount

1 CL00066 60 $

2 CL00067 60 $

3 PI02827 37 $

4 PI02828 138 $

5 PI01090 79 $

6 CL00110 131 $

7 PI03120 114 $

8 CL00092 61 $

9 CL00093 60 $
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Project to be completed by _

DATE: __________________ BIDDER: _

By: _

Its legally authorized representative

PRINT NAME: _

TITLE: _

ADDRESS: _

CITY, STATE, ZIP: _

TELEPHONE: _
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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

BOND TO ACCOMPANY PROPOSAL

(not necessary if certified or cashier's check is used)

KNOW ALL MEN BY THESE PRESENTS THAT 

of  of the County of 

and State of , principal, and

of  as surety, legally authorized to do business in the 

State of Delaware, are held and firmly bound unto the City of Newark in the sum of 

______________________

 dollars, to be paid to said City of Newark for use 

and benefit of the Mayor and Council of Newark, for which payment well and truly to be made, we 

do bind ourselves, our and each of our heirs, executors, administrators and successors, jointly and 

severally, for and in the whole, Contractor by these presents.  Sealed with our seal dated the _____ 

day of  in the year of our Lord, two thousand 

___________________ (20___).

NOW THE CONDITIONS OF THIS OBLIGATIONS IS SUCH, that if the above bounded principal who has 

submitted to said City of Newark, a certain proposal to enter into a certain Contract No. 18-04, 

CORRUGATED METAL PIPE (CMP) LINING - 2018 and if said 

shall well and truly enter into and executes said contract and furnish therewith such Surety Bond or 

Bonds as may be required by the terms of said contract and approved by said City of Newark, said 

Contract, and said Bond to be entered into within fourteen (14) calendar days after the date of 
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official notice of award thereof in accordance with the terms of said proposal, then this obligation 

to be void, otherwise shall remain in full force and virtue.

SIGNED AND SEALED IN THE PRESENCE OF WITNESS:

SIGNED  (SEAL)

BY   (SEAL)

SIGNED  (SEAL)

BY   (SEAL)
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CITY OF NEWARK

Delaware

CONTRACT NO. 18-04

CORRUGATED METAL PIPE (CMP) LINING - 2018

NON-COLLUSION STATEMENT

Date: _____________

City of Newark

Newark, Delaware

Gentlemen:

This is to certify that the undersigned bidder __________________________________________ 

has not, either directly or indirectly entered into any agreement, participated in any collusion, or 

otherwise taken any action in restraint of free competitive bidding in connection with this proposal 

submitted to the City of Newark on the ____________ day of _______________, 20___.

Signature of Bidder: ________________________

By: _________________________________________

Its legally authorized representative   

Sworn to and subscribed before me on this ______ day of _________________ 20___.

My Commission expires ______________________________________

______________________________________

Notary Public
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SECTION 01 00 00

CURED IN PLACE PIPE (CIPP) STRUCTURAL LINING SYSTEM

PART 1 GENERAL

1.1 SUMMARY:

This specification covers work, materials and equipment required for the preparation and 

installation of a Cured In Place (CIPP) liner providing a minimum 50-year design life for internal 

protection and structural rehabilitation. This work shall consist of installing a resin-impregnated 

flexible tube, which is tightly formed to the host pipe.  The resin is then cured using either hot 

water under hydrostatic pressure within the tube, steam pressure within the tube, or cured 

using ultra-violet light.  The Cured-In-Place Pipe (CIPP) will be continuous and tight fitting and 

will act as a structural pipe liner.  The protection lining works shall include all activities 

associated with the protection lining system, not limited to the following:

1. Design of approved continuous protection liners to the internal surface of the 

host pipe.

2. Pre-construction inspection, cleaning, and surface preparation of host pipe 

prior to application of protection lining system.

3. Installation of approved continuous protection liners to the entire internal 

surface of the host pipe, manhole to manhole, manhole to structure, or 

structure to structure.  Partial liner installations, unless directed by the 

Owner, are not allowed.

4. Quality Control Measures.

5. Post-construction inspection, testing, and repairs.

6. Warranty inspection, testing, and repairs.

A. Work also includes preparatory work and operations necessary to mobilize and 

demobilize for the project.  Work includes:

1. Mobilization and setting up operation on the project site with personnel, 

equipment, supplies, and accessory items.

2. Scheduling details, coordination, and any other work and expense 

appropriate that is prior to start of work under other Contract pay items.

3. Demobilization, of above items until the completion of project.

B. Work also includes the following:

1. Removal and disposal of debris.

1.2 REFERENCES:  NOT USED

1.3 DEFINITIONS:  NOT USED



CITY OF NEWARK CURED IN PLACE PIPE (CIPP) STRUCTURAL LINING SYSTEM

01 00 00 - 2

1.4 QUALITY ASSURANCE:

A. Product Manufacturer: Company specializing in manufacturing quality CIPP liner 

products with minimum 5-years’ experience.  Company shall submit five (5) 

references for installation of proposed product within the last five (5) years.

B. The Contractor and/or Subcontractor shall be able to demonstrate that they have 

successfully completed a minimum of 5,000 linear (LF) of CIPP lining rehabilitation.  

The Contractor shall submit references meeting these requirements.  The 

references shall include size/diameter of pipe, length of installation; size of bypass 

pumping required for performing the work, name and telephone number of the 

owner and date of installation. 

C. Single Source Responsibility: Use only products approved by CIPP liner 

Manufacturer and use only within recommended limits.

D. Testing: Structural rehabilitation products submitted for approval shall provide third 

party test results supporting the structural performance of the product and such 

data shall be satisfactory to the City of Newark.  No product will be approved 

without independent third-party testing verification. 

E. All requested documented experience must be based on the experience of the 

“Company” and not on the experience of an individual within the organization. 

F. The Contractor shall submit a certified statement from the manufacturer that 

he/she is a certified and/or licensed installer of the liner. 

G. Personnel Experience: Foreman shall have a minimum of three (3) years of 

continuous experience with the installation of CIPP.

H. The City of Newark reserves the right to approve or disapprove the Contractor, 

based on the submitted qualifications. 

1.5 COORDINATION WITH OTHERS

A. Contractor shall notify residents, businesses and all other authorities of project 

related roadway and traffic impacts.  The work shall be coordinated with these 

authorities on a daily basis to avoid any conflict.  Should the Contractor not perform 

notifications at least 48-hours in advance of their work, the City reserves the right to 

stop work until residents, businesses, etc. have had 48-hours notice of proposed 

work. 

B. Potable water is available at no cost to the Contractor at the City of Newark’s 

Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  

Contractor shall not use any hydrants within the distribution system to obtain 

potable water.  All water shall come from the Municipal Maintenance Yard.

1.6 SUBMITTALS

A. General: Provide all submittals, including the following in accordance with the 

requirements contained in the General Requirements.  

B. This section lists items that shall be submitted at the time of bid:
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1. CIPP material and design submittals: In order to compare bid proposals, the 

Contractor shall submit the specific CIPP material proposed for the project 

with a material data sheet that shows it meets or exceeds all material 

properties in this specification. 

2. A preliminary design showing the proposed liner thickness for the project.  

Preliminary designs do not need to be sealed by a professional engineer in 

the state of Delaware.  Once project is awarded, Contractor is responsible to 

submit signed and sealed final designs.

C. All test reports, samples, minimum liner thickness calculations, and applicator 

qualifications shall be submitted to the City for review and approval prior to any 

field work taking place. 

D. Product Literature and Samples to be submitted prior to any field work:  

1. Submit representative samples and related product literature of materials being 

used, including names, material characteristics, and physical and structural 

properties, sources, and descriptions.  Include required substrate preparation, 

on-site quality assurance recommendations and a list of all materials to be used. 

2. Submit manufacturer’s recommendations for shipping, storage and handling of 

all components of the CIPP lining materials. Manufacturer’s recommended 

pressures, temperatures, and duration of curing shall also be submitted.

3. Manufacturer’s standard size cured sample of showing the installed lining 

system to be expected in the finished Work.  Show the full thickness, or a typical 

thickness when underlayment requirements will vary, of system with all 

components in place.  The CIPP lining must be at full thickness.  Samples 

submittals will be reviewed for floor, texture, and pattern only.  Compliances 

with other requirements is the sole responsibility of the Contractor. 

4. Liner design sealed by a Professional Engineer licensed in the State of Delaware. 

E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and 

debris removal/disposal and coordination with the aforementioned required cleaning 

plans.  Employee safety, HASP adequacy and regulatory compliance are the sole 

responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, 

but neither will comment, approve or disapprove the plan.

F. Before any field work by the Contactor, the Contractor shall submit the following 

to the City to review:

1. Manufacturer-certified copies of all test reports on each product used, including 

ASTM test results indicating the product conforms to and is suitable for its 

intended use per these specifications material properties.

G. Certificates: Submit certificates proving that personnel performing the work are 

qualified to the level required in these specifications.  List personnel by name with 

capabilities, projects, and duties performed on those projects.  Prove written 

certification of compliance with the ASTM standards cited in this specification.
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H. Detailed plan for weather monitoring during CIPP application and, when applicable, 

traffic control methods and inventory of the equipment proposed for this 

operation.

I. The Contractor shall submit the following information the same day as the 

installation:

1. Daily Activity Logs and Field measurements as stated herein.

2. Daily confined space entry form for each manned entry made.  Contractor is 

responsible for confined space permitting.

J. After cleaning and TV inspection by the Contractor of all proposed pipe and 

structures to be rehabilitated and before beginning lining any pipe or structure, the 

Contractor shall submit the following to the City for review:

1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the pipe or 

structure prior to product application in a format acceptable to the City.

K. After rehabilitation of the pipe or structure, the Contractor shall submit the 

following to the City of Newark for record purposes: 

1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the 

Completed Work in a format acceptable to the City.

2. Test results of samples of CIPP liner as specified in the contract documents.

1.7 DELIVERY, STORAGE, AND HANDLING:

A. Delivery: Deliver materials in original containers with seals unbroken and labels 

intact and free of moisture.  Do not use materials that have been exposed to 

moisture or if there is visible damage to the packaging.

B. Receipt Process: All materials must be inspected upon receipt and properly 

documented as to the amount of material and the identification of the material by 

batch numbers.  Dates and times along with the shipping company delivering the 

material should be recorded for possible future reference.  

C. Storage: Contractor shall designate a specific space at the project site for storing 

and mixing materials. Protect this space and repair all damage resulting from use. 

Do not store kerosene nor gasoline in this space. Remove oily rags at the end of 

each day’s work.  Products are to be kept dry, protected from weather and stored 

under cover within the temperature ranges recommended by the manufacturer.  

Products are to be stored and handled according to their MSDSs or appropriate 

classification.  Damaged or unsuitable products shall be promptly removed from the 

job site and shall be replaced with suitable materials.

1.8 PROJECT CONDITIONS:

A. Environmental Requirements: Contractor shall conform with all local, state and federal 

regulations including those set forth by OSHA and the EPA and any other applicable 

authorities. Confined space entry requirements shall be followed. Contractor is 

responsible for following all OSHA confined space regulations and for ensuring all 

workers are wearing the proper personal protective equipment (PPE) and monitoring 

equipment.
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B. Provide continuous ventilation and if necessary cooling and heating facilities to maintain 

surface and ambient temperatures before, during, and following application of finishes, 

within temperature range and for duration as directed by manufacturer.

C. Protection: Provide sufficient shielding to fully protect adjacent finished work.

D. Safety: Contractor shall consider the structure as a confined space.  The OSHA 

Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  

Personnel must have the adequate training in confined space.  Personnel shall follow all 

OSHA regulations in terms of training, equipment, monitoring, personal protective 

equipment (PPE), and all other requirements.

E. Weather: Contractor shall take weather into consideration when scheduling work.  

Contractor is liable for any complications that arise from weather.

1.9 CLEANING:

A. It is the intent of this contract that the storm pipe, structures, and all other 

appurtenances be cleaned and inspected within the project limits as defined by these 

contract documents.  The Contractor is responsible for all procedures of accessing and 

cleaning as necessary to complete the work required prior to CIPP lining. 

B. The Contract Drawings provide details showing the access points for cleaning the 

structure and pipes.  It is the responsibility of the Contractor to include personnel on 

their team as necessary to successfully and safely conduct the work as shown on the 

contract drawings and to execute the planned work approach (means and methods).

C. Cleaning procedures shall include the use of equipment adequate to clean and remove 

all debris that hinders CCTV and surface preparation prior to CIPP lining.  Debris may 

include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, metallic 

debris, cloth materials, leaves, organic material, rags, and other materials in the pipe 

and structures. 

D. The sediment and other settled materials have not been characterized in a laboratory.  

The Contractor shall anticipate that sediment and other settle materials shall be of 

variable consistency ranging from runny, quick-sand type material to firm, clay-like to 

solid materials with any of the aforementioned debris interspersed in the sediment.  

1.10 DISPOSAL OF MATERIALS:

A. All waste materials, including but not limited to extracted materials from the storm 

pipe and structures, excess construction materials, and other debris shall become 

the property of the Contractor.  In all cases, the Contractor shall collect and 

transport all materials of all kinds removed from the storm pipe and structures. The 

Contractor shall dispose of all such materials in accordance with the approved 

disposal plan at no additional cost to the City.  No additional payment will be made 

for separating materials as required by the approved disposal facility (i.e. separating 

trash from sediment) or disposing of materials separately.  

B. The Contractor shall prepare a Disposal Plan for review and approval by the City 

prior to performing any work that might generate waste materials.  The plan shall 

include a complete description of the materials that are expected to be 

encountered, dewatering procedures and their proposed disposal site(s).
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C. The Contractor shall be responsible for obtaining all Federal, State and Local permits 

related to the disposal operations and the Contractor shall comply with all 

requirements of those permits.

1.11 QUALITY CONTROL:

A. Quality Control, Sampling and Testing:

1. Chemical Resistance – The CIPP shall meet the chemical resistance 

requirements of ASTM F1216, Appendix X2.  CIPP samples for testing shall 

be of tube and resin system similar to that proposed for actual construction.  

It is required that CIPP samples with and without plastic coating meet these 

chemical-testing requirements.

2. CIPP Field Samples – When requested by the Owner, the Contractor shall 

submit test results from field installations of the same resin system and tube 

materials as proposed for the actual installation.  These test results must 

verify that the CIPP physical properties specified herein have been achieved 

in previous field applications.  Samples for this project shall be made and 

tested as described in this specification.  

B. Daily Activity Logs: 

1. A Daily Activity Log will be filled out completely anytime a work crew is on 

site. This log includes listing the personnel present at the site, when they arrived 

and when they left the site. 

2. The operating conditions are also recorded. These measurements include the 

water addition rate taken at the meter tube, the retrieval speed of the 

retraction system and the pump motor speed recorded at the pump. 

3. Any special conditions are to be noted in the daily log. 

C. Equipment Calibration Reports: 

1. Equipment calibration reports are to be maintained at all times for inspection by 

the City’s staff. 

D. Final Inspection:

1. Inspection of the lining products and materials may also be made by the City 

after delivery.  The lining products and materials shall be subject to rejection at 

any time on account of failure to meet any of the Specification requirements, 

even though samples may have been accepted as satisfactory at the place of 

manufacture.  Lining materials rejected after delivery shall be marked for 

identification and shall be removed from the job immediately.

1.12 WARRANTY:

A. Contractor shall warrant all work against defects in materials and workmanship for a 

period of two (2) years, unless otherwise noted, from the date of the Warranty 

Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the 

final acceptance of the project, but not more than 18 months afterwards.  Contractor 

shall, within a reasonable time after receipt of written notice thereof (but not more than 

120 calendar days), repair or replace defects in materials or workmanship which may 
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have developed since the date of Final Acceptance, and any damage to other work 

caused by such defects or the repairing of same, at his or her own expense and without 

cost to the City of Newark.

B. The Contractor shall also warrant the City of Newark so that the materials used on this 

contract, where covered by patents or license agreements, are furnished in accordance 

with such agreements and that the prices included herein cover all applicable royalties 

and fees in accordance with such license agreements.  The contractor shall defend, 

indemnify and hold the City of Newark harmless from and against any and all costs, loss, 

damage or expense arising out of or in any way connected with any claim of infringement 

of patent, trademark or violation of license agreement.  

PART 2 PRODUCTS

2.1 EXISTING PRODUCTS:

A. Existing pipe will consist of corrugated metal.

2.2 ACCEPTABLE MATERIALS:

A. Tube:  

1. The sewn tube shall meet the requirements of ASTM F1216, ASTM F1743, ASTM 

D 5813, or ASTM F-2019.  The tube shall be constructed to withstand installation 

pressures, have sufficient strength to bridge missing pipe, and stretch to fit 

irregular pipe section.  The tube may also contain felt layers reinforced with 

glass, carbon fibers, or glass reinforced fabric.

2. The wet out tube shall have a uniform thickness that when compressed at 

installation pressures will equal or exceed the calculated minimum design CIPP 

wall thickness.

3. The tube shall be manufactured to a size that when installed will tightly fit the 

internal circumference and length of the host pipe.  Allowance should be made 

for circumferential stretching during installation.

4. For felt tubes, the outside layer of the tube shall be coated with an 

impermeable, flexible membrane that will contain the resin and allow the resin 

impregnation (wet out) procedure to be monitored.

5. The tube shall contain no intermediate or encapsulated elastomeric layers.  No 

material shall be included in the tube that may cause delamination in the cured 

CIPP.  No dry or unsaturated layers shall be evident.

6. The wall color of the interior pipe surface of CIPP after installation shall be a 

relatively light reflective color so that a clear detailed examination with closed 

circuit television inspection equipment may be made.

7. Seams in the tube shall be stronger than the non-seamed felt material.

8. The tube shall be market for distance at regular intervals along its entire length, 

not to exceed 5 ft.  Such markings shall include the Manufacturer’s name or 

identifying symbol.  The tubes must be manufactured in the USA.
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B. Resin:

1. The resin system shall be a corrosion resistant polyester or vinyl ester system 

including all required catalysts, initiators that when cured within the tube 

create a composite that satisfies the requirements of ASTM F1216, ASTM 

D5813, ASTM F1743, or ASTM F2019 (whichever is applicable) the physical 

properties herein, and those which are to be utilized in the submitted and 

approved design of the CIPP for this project.  The resin shall produce a CIPP 

that will comply with the structural and chemical resistance requirements of 

this specification.

2.3 CIPP CHARACTERIZATION TECHNIQUES:  NOT USED

2.4 CIPP DESIGN:

C. The CIPP shall be designed as per ASTM F1216, Appendix X.1. The CIPP design shall 

assume no bonding to the original pipe wall. 

D. The Contractor must have performed long-term testing for flexural creep of the CIPP 

pipe material installed by his Company. Such testing results are to be used to determine 

the long-term, time dependent flexural modulus to be utilized in the product design. 

This is a performance test of the materials (Tube and Resin) and general workmanship 

of the installation and curing as defined within the relevant ASTM standard. A 

percentage of the instantaneous flexural modulus value (as measured by ASTM D790 

testing) will be used in design calculations for external buckling. The percentage, or the 

long-term creep retention value utilized, will be verified by this testing. Retention values 

exceeding 50% of the short-term test results shall not be applied unless substantiated 

by qualified third party test data to the Owner’s satisfaction.  The materials utilized for 

the contracted project shall be of a quality equal to or better than the materials used in 

the longterm test with respect to the initial flexural modulus used in the CIPP design.

E. The layers of the CIPP shall be uniformly bonded.  It shall not be possible to separate 

any two layers with a probe or point of a knife blade so that the layers separate cleanly 

or the probe or knife blade moves freely between the layers.  If the layers separate 

during field sample testing, new samples will be required to be obtained from the 

installed pipe.  Any reoccurrence may cause rejection of the work. 

F. The cured pipe material (CIPP) shall conform to the structural properties, as listed 

below.  

MINIMUM CIPP PHYSICAL PROPERTIES

Property Test Method Min. per ASTM 

F1216

Cured Polyester 

Composite 

Enhanced Resin

Modulus of 

Elasticity

ASTM D790 250,000 psi 400,000 psi

Flexural Stress ASTM D790 4,500 psi 4,500 psi
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G. The required structural CIPP wall thickness shall be based as a minimum, on the physical 

properties above or greater values if substantiated by independent lab testing and in 

accordance with the design equations in the Appendix X1. Design Considerations of 

ASTM F1216, and the following design parameters to be completed per segment:

1.  Design Safety Factor                     = 2.0

2.  Retention Factor for Long-Term Flexural Modulus to be used in Design   =  75%

3.  Ovality* (calculated from (X1.1 of ASTM F1216)   =   2 %        

4.  Groundwater Depth (above invert of existing pipe)         = ______ft.         

5.  Soil Depth (above crown of existing pipe)              = ______ft.         

6.  Soil Modulus                     = 700 psi

7.  Soil Density            = 125  pcf

8.  Live Load             = HS20

H. Any layers of the tube that are not saturated with resin prior to insertion into the 

existing pipe shall not be included in the structural CIPP wall thickness computation.

I. Overall, the hydraulic cross-section shall be maintained as large as possible.  The CIPP 

shall have a minimum of the full flow capacity of the original pipe before rehabilitation.  

Calculated capacities may be derived using commonly accepted roughness coefficient 

for the existing pipe material taking into consideration its age and condition.  

2.5 PHYSICAL PROPERTIES:  NOT USED

2.6 CIPP APPLICATION EQUIPMENT:  NOT USED

2.7 EQUIPMENT MAINTENANCE:

A. All equipment shall be clean and in good working condition.

B. Maintenance and service shall be performed on the equipment to Manufacturer’s 

standards.

PART 3 EXECUTION

3.1 PRE-CONSTRUCTION INSPECTIONS:

A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of 

pipes shall clean and CCTV inspect the pipe, in accordance with the Contract 

Documents, accurately measure the existing pipes, and verify that host pipe 

dimensions are as per the plans to verify the requirement of the liner installation.  

Notify the City if conditions exist which will impact the installation.  If the CCTV 

inspection shows an obstruction that will interfere with the proper liner installation, 

the Contractor shall remove the obstruction of defect prior to initiating lining.  
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Debris, sediment, rocks, and trash are not considered obstructions and should be 

removed via cleaning, as required in these specifications.  

3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:

A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all 

foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or 

material that may be attached to the wall or bottom of the pipe.

1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean 

and free all foreign material within the pipe.

2. When grease and oil are present within the pipe, water may be heated to 200° F 

or an approved detergent shall be used integrally with the high-pressure cleaning 

water.

3. All materials resulting from the cleaning of the pipe or structure shall be 

removed prior to application of the CIPP material and properly disposed of.  

Cleaning, removing, and disposal of debris from pipes or structures, as shown 

on the plans, is considered incidental to CIPP lining.  

4. Cleaning equipment used shall include, but shall not be limited to, rodding 

machines, dragging machines, and high velocity pressure washers as best 

suited for the particular task.  Only equipment designed for cleaning of large 

diameter lines may be used.  

5. Dragging machine shall include appurtenances such as scrappers, squeegees, 

buckets, and porcupines.  Selection of any equipment shall be based on field 

conditions such as terrain, access to manholes, structures, type of debris, size of 

pipe, and the conditions of lines at the time the work commences.  

6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, 

trash, mud, wood, bricks, and other materials and obstructions from the storm 

pipes and structures.

7. Backup equipment shall be available and capable of being delivered to the site 

within 24 hours. 

8. If the cleaning process reveals that the pipe invert, crown or sidewalls are 

deteriorated, measures will be taken to provide a continuous slope to the 

pipe, including the use of a flowable fill or class D concrete.  

9. If additional repair procedures must be undertaken by the Contractor to 

prepare the existing surface to the Manufacturers recommended condition 

prior to lining, the Contractor shall coordinate the repair with the Inspector for 

approval.  No additional payment will be made for additional surface 

preparation or repairs that are not shown on the plans.  All materials used shall 

be compatible with the CIPP lining system product.  All product data for all 

proposed products shall be submitted during the submittal process, prior to 

commencing work.  

3.3 ACCEPTABLE APPLICATORS:  NOT USED

3.4 EXAMINATION:  NOT USED
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3.5 SEALING ACTIVE LEAKS:

A. The work consists of hand applying a dry quick-setting cementitious mix, or pre-liner, for 

heavy leaks, or chemical grout designed to instantly stop running water or seepage in all 

types of pipes. The contractor shall apply an approved CIPP-compatible quick-setting 

mortar or chemical grout in accordance with Manufacturer’s recommendations.

3.6 BYPASS PUMPING:

A. Contractor is responsible for monitoring local weather prior to scheduling work.  The 

Contractor is responsible for any complications that arise from materials not curing due 

to surface runoff that may enter the system via manhole lids, inlets, infiltration or any 

other route.   The City will not be responsible for any added costs due to such issues.  

Delays in contract time will not be acceptable due to rework caused by weather 

complications.

3.7 MATERIAL REMOVAL AND DISPOSAL:

A. Sediment will be of variable consistency and water content that will require different 

handling processes and will require different tools and equipment for safe handling and 

removal.  The Contractor shall be responsible for removing sediment regardless of 

consistency and water content. 

B. Under no circumstances shall any debris removed during these operations be dumped 

or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids 

resulting from the cleaning operations shall be removed from the site and disposed of 

by the Contractor in a legal and sanitary manner as approved by appropriate authorities 

at the Contractor’s cost.  All materials shall be removed from the site no less often that 

the end of each workday.  Material may be allowed to de-water overnight in the 

collection boxes.  Under no circumstances will the Contractor be allowed to accumulate 

debris, etc., on site of work beyond the stated time, except on totally enclosed 

containers and as acceptable to the City.  Materials removed from the pipes and 

structures during cleaning operation shall be drained free of water.  The Contractor shall 

dispose of this material as specified in the approved Disposal Plan.

C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably 

free of odors and shall bear responsibility for the cleanup of any spill which occurs 

during the transport of cleaning and surface preparation by-products and the cleanup of 

any such material which is authorized by or pursuant to this contract and in accordance 

with the applicable law and regulations.  The Contractor shall immediately clean up any 

such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, 

the City of Newark shall have the right to clean up or arrange for its cleanup and shall 

charge the Contractor all costs, including administrative costs and overhead, incurred by 

the City of Newark in connection with such cleanup.  The City of Newark shall also 

charge to the Contractor any costs incurred or penalties imposed on the City of Newark 

by regulatory agencies as a result of any spill dump or discard.  Under no circumstances 

is this material to be discharged into the waterways or any place other than where 

authorized to do so by the appropriate authority.

D. The general requirements for vehicles hauling such waste material are as follows: 

Transport vehicles must be of type(s) approved for this application by the political 
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jurisdictions involved.  General requirements are that the vehicles are equipped and 

fitted with necessary seals or covers to prohibit material spillage or drainage, and that 

they are cleaned as often as is necessary to prevent deposit of material on roadways.  

Vehicles must be loaded within legal weight limits and operated safely within all traffic 

speed regulations.

E. The routes used by the Contractor for the conveyance of this material on a regular basis 

shall be subject to approval by the governing authority having jurisdiction over such 

routes.

3.8 CONSTRUCTION METHODS:

A. Prior to the installation of the liner, an installation plan must be submitted to and 

approved by the City of Newark.  This plan shall be submitted by the Contractor and 

approved by the Manufacturer prior to approval by the Department.  The plan shall 

include the following; the pipe liner material (tube and resin), tests and certifications of 

the material, liner design calculations stamped by a professional Engineer licensed in the 

state of Delaware, measurements of the host pipe, installer documentation, installation 

procedure, and associated drawings.

B. The finished pipe liner shall be left extending beyond the end of the host pipe to create 

a mechanical lock to the abutting structure to assist holding the liner in place. 

C. CIPP installation shall be in accordance with ASTM F1216, ASTM F1743, or ASTM F2019 

with the following modifications:

1. Resin Impregnation - The quantity of resin used for tube impregnation shall be 

sufficient to fill the volume of air voids in the tube with additional allowances 

for polymerization shrinkage and the potential loss of resin during installation 

through cracks and irregularities in the original pipe wall, as applicable.

2. Tube Insertion – The wet out tube shall be positioned in the pipeline using 

either inversion or a pull-in method as defined within relevant ASTM standards 

previously stipulated.  If pulled into place, a power winch or its equivalent 

should be utilized and care should be exercised not to damage the tube as a 

result of pull-in friction.  The tube should be pulled-in or inverted through an 

existing manhole or approved access point and fully extend to the next 

designated manhole or termination point

D. Contractor shall follow manufacturer recommendations for monitoring temperatures 

during the cure cycle.

E. Curing shall be accomplished by utilizing hot water under hydrostatic pressure, steam 

pressure, or ultra-violet light cured in accordance with the manufacturer’s 

recommended cure schedule.  A cool-down process shall be conducted that complies 

with the resin manufacturer’s specification.
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3.9 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES: 

A. All equipment used during the days/shifts operations shall be properly cleaned and 

stored. 

B. All hoses, fittings, pumps, mixers, spray head equipment, retraction equipment will 

be cleaned both inside and out. 

3.10 FINAL INSPECTION:  

A. A visual inspection of the CIPP shall be in accordance with ASTM F1743, Section 8.6

B. At the completion of a lining stage of the pipe, and once all repairs have been made and 

accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the City by the Contractor in a format acceptable to the 

City. This inspection shall be performed by a color video inspection system. The finished 

CIPP Liner shall be continuous over the entire length of all runs and be free of dry spots. 

No infiltration of groundwater shall be observed. All service entrances shall be accounted 

for and shall be unobstructed.

3.11 ACCEPTANCE:

A. Acceptance of the CIPP lining system shall be based on inspection and testing 

results.  Any thickness less than the thickness required with the allowable variance 

shall not be accepted for any reason.

B. CIPP samples shall be for each installation. Pipe physical properties will be tested in 

accordance with ASTM F1216, ASTM F1743, or ASTM F2019 using either method 

proposed. The flexural properties must meet or exceed the values in this 

specification, Table 1 of ASTM F1216 or the values submitted to the Owner/engineer 

by the contractor for this project’s CIPP wall design, whichever is greater.

C. Wall thickness of samples shall be determined as described in paragraph 8.1.6 of 

ASTM F1743.  The minimum wall thickness at any point shall not be less than 87½% 

of the submitted minimum design wall thickness.

3.12 WARRANTY INSPECTION:

A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 

12 months after the establishment of Final Acceptance, but not more than 18 

months afterwards. Any deficiencies in the finished coating shall be marked and 

repaired by the Applicator according to the procedures set forth herein.

B. At the completion of the Warranty Inspection, and once all repairs have been made 

and accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the Engineer by the Contractor in a format 

acceptable to the City of Newark. This inspection shall be performed by a color 

video inspection system.  All defects shall be repaired.
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SECTION 02 00 00

SHOTCRETE STRUCTURAL LINING SYSTEM

PART 1 GENERAL

1.1 SUMMARY:

This specification covers work, materials and equipment required for the preparation and 

installation dry-mix or wet-mix shotcrete liner providing a minimum 50-year design life for 

internal protection and structural rehabilitation.  The protection lining works shall include all 

activities associated with the protection lining system, not limited to the following:

1. Design of approved shotcrete liner to the internal surface of the host pipe.

2. Pre-construction inspection, cleaning, and surface preparation of host pipe 

prior to application of protection lining system.

3. Installation of approved shotcrete liner to the entire internal surface of the 

host pipe, manhole to manhole, manhole to structure, or structure to 

structure.  Partial liner installations, unless directed by the Owner, are not 

allowed.

4. Quality Control Measures.

5. Post-construction inspection, testing, and repairs.

6. Warranty inspection, testing, and repairs.

A. Work also includes preparatory work and operations necessary to mobilize and 

demobilize for the project.  Work includes:

1. Mobilization and setting up operation on the project site with personnel, 

equipment, supplies, and accessory items.

2. Scheduling details, coordination, and any other work and expense 

appropriate that is prior to start of work under other Contract pay items.

3. Demobilization, of above items until the completion of project.

B. Work also includes the following:

1. Removal and disposal of debris.

1.2 REFERENCES:  NOT USED

1.3 DEFINITIONS:

A. Shotcrete: Sand or other approved aggregate material and cement mixed and applied in 

dry or wet application, and pneumatically projected at high velocity onto surface to be 

rehabilitated.

B. Dry-Mix Shotcrete: Shotcrete with most of the water added at nozzle.

C. Wet-Mix Shotcrete: Shotcrete with ingredients, including mixing water, mixed before 

introduction into delivery hose.
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1.4 QUALITY ASSURANCE:

A. Product Manufacturer: Company specializing in manufacturing shotcrete materials 

with minimum 5-years’ experience.  Company shall submit five (5) references for 

installation of proposed product within the last five (5) years.

B. The Contractor and/or Subcontractor shall be able to demonstrate that they have 

successfully completed a minimum of 5,000 linear (LF) of shotcrete rehabilitation.  

The Contractor shall submit references meeting these requirements.  The 

references shall include size/diameter of pipe, length of installation; size of bypass 

pumping required for performing the work, name and telephone number of the 

owner and date of installation. 

C. Single Source Responsibility: Use only products approved by shotcrete liner 

manufacturer and use only within recommended limits.

D. Testing: Test reports prepared by a qualified independent laboratory indicating 

compliance with the following performance requirements:

1. ACI 301, Specifications for Structural Concrete

2. ACI 506.2, Specifications for Shotcrete

E. All requested documented experience must be based on the experience of the 

“Company” and not on the experience of an individual within the organization. 

F. The Contractor shall submit a certified statement from the manufacturer that 

he/she is a certified and/or licensed installer of the liner. 

G. Personnel Experience: Foreman shall have a minimum of three (3) years of 

continuous experience as well as an ASA Shotcrete Nozzleman certification.  Nozzle 

operators must all be ASA certified.

H. The City of Newark reserves the right to approve or disapprove the Contractor, 

based on the submitted qualifications. 

1.5 COORDINATION WITH OTHERS:

C. Contractor shall notify residents, businesses and all other authorities of project 

related roadway and traffic impacts.  The work shall be coordinated with these 

authorities on a daily basis to avoid any conflict.  Should the Contractor not perform 

notifications at least 48-hours in advance of their work, the City reserves the right to 

stop work until residents, businesses, etc have had 48-hours notice of proposed 

work. 

D. Potable water is available at no cost to the Contractor at the City of Newark’s 

Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  

Contractor shall not use any hydrants within the distribution system to obtain 

potable water.  All water shall come from the Municipal Maintenance Yard.
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1.6 SUBMITTALS:

A. General: Provide all submittals, including the following in accordance with the 

requirements contained in the General Requirements.  

B. This section lists items that shall be submitted at the time of bid:

1. Shotcrete material and design submittals: In order to compare bid 

proposals, the Contractor shall submit the specific shotcrete material 

proposed for the project with a material data sheet that shows it meets or 

exceeds all material properties in this specification. 

2. A preliminary design showing the proposed liner thickness for the project.  

Preliminary designs do not need to be sealed by a professional engineer in 

the state of Delaware.  Once project is awarded, Contractor is responsible to 

submit signed and sealed final designs.

C. All test reports, samples, minimum liner thickness calculations, and applicator 

qualifications shall be submitted to the City for review and approval prior to any 

field work taking place. 

D. Product Literature and Samples to be submitted prior to any field work:  

1. Submit representative samples and related product literature of materials being 

used, including names, material characteristics, and physical and structural 

properties, sources, and descriptions.  Include required substrate preparation, 

on-site quality assurance recommendations and a list of all materials to be used. 

2. Submit manufacturer’s recommendations for shipping, storage and handling of 

all components of the shotcrete lining materials. Manufacturer’s recommended 

pressures, temperatures, and duration of curing shall also be submitted.

3. Manufacturer’s standard size cured sample showing the installed lining system 

to be expected in the finished Work.  Show the full thickness, or a typical 

thickness when underlayment requirements will vary, of the system with all 

components in place.  The shotcrete lining must be at full thickness.  Samples 

submittals will be reviewed for floor, texture, and pattern only.  Compliances 

with other requirements is the sole responsibility of the Contractor. 

4. Liner design sealed by a Professional Engineer licensed in the State of Delaware. 

5. Design mixes for each shotcrete mix.

6. Details of fabricating, bending, and placing reinforcement.  Include support and 

anchor details, number and location of splices, and special reinforcement 

required for openings through shotcrete structures.

E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and 

debris removal/disposal and coordination with the aforementioned required cleaning 

plans.  Employee safety, HASP adequacy and regulatory compliance are the sole 

responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, 

but neither will comment, approve or disapprove the plan.
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F. Before any field work by the Contactor, the Contractor shall submit the following 

to the City to review:

1. Manufacturer-certified copies of all test reports on each product used, including 

ASTM test results indicating the product conforms to and is suitable for its 

intended use per these specifications material properties.

G. Certificates: Submit certificates proving that personnel performing the work are 

qualified to the level required in these specifications.  List personnel by name with 

capabilities, projects, and duties performed on those projects.  Prove written 

certification of compliance with the ASTM standards cited in this specification.

H. Detailed plan for weather monitoring during shotcrete application and, when 

applicable, traffic control methods and inventory of the equipment proposed for 

this operation.

I. The Contractor shall submit the following information the same day as the 

installation:

1. Daily Activity Logs and Field measurements as stated herein.

2. Daily confined space entry form for each manned entry made.  Contractor is 

responsible for confined space permitting.

J. After cleaning and TV inspection by the Contractor of all proposed pipe and 

structures to be rehabilitated and before beginning lining any pipe or structure, the 

Contractor shall submit the following to the City for review:

 1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the pipe or 

structure prior to product application in a format acceptable to the City. 

K. After rehabilitation of the pipe or structure, the Contractor shall submit the 

following to the City of Newark for record purposes:

1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the Completed 

Work in a format acceptable to the City. 

2. Test results of samples of shotcrete liner as specified in the contract documents.

1.7 DELIVERY, STORAGE, AND HANDLING:

A. Delivery: Deliver materials in original containers with seals unbroken and labels 

intact and free of moisture.  Do not use materials that have been exposed to 

moisture or if there is visible damage to the packaging.

B. Receipt Process: All materials must be inspected upon receipt and properly 

documented as to the amount of material and the identification of the material by 

batch numbers.  Dates and times along with the shipping company delivering the 

material should be recorded for possible future reference.  

C. Storage: Contractor shall designate a specific space at the project site for storing 

and mixing materials. Protect this space and repair all damage resulting from use. 

Do not store kerosene nor gasoline in this space. Remove oily rags at the end of 

each day’s work.  Products are to be kept dry, protected from weather and stored 

under cover within the temperature ranges recommended by the manufacturer.  
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Products are to be stored and handled according to their MSDSs or appropriate 

classification.  Damaged or unsuitable products shall be promptly removed from the 

job site and shall be replaced with suitable materials.

1.8 PROJECT CONDITIONS:

A. Environmental Requirements: Contractor shall conform with all local, state and federal 

regulations including those set forth by OSHA and the EPA and any other applicable 

authorities. Confined space entry requirements shall be followed. Contractor is 

responsible for following all OSHA confined space regulations and for ensuring all 

workers are wearing the proper personal protective equipment (PPE) and monitoring 

equipment.

B. Provide continuous ventilation and if necessary cooling and heating facilities to maintain 

surface and ambient temperatures before, during, and following application of finishes, 

within temperature range and for duration as directed by manufacturer.

C. Protection: Provide sufficient shielding to fully protect adjacent finished work.

D. Safety: Contractor shall consider the structure as a confined space.  The OSHA 

Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  

Personnel must have the adequate training in confined space.  Personnel shall follow all 

OSHA regulations in terms of training, equipment, monitoring, personal protective 

equipment (PPE), and all other requirements.

E. Cold – Weather Shotcreting: Protect shotcrete work from physical damage or reduced 

strength caused by frost, freezing, or low temperatures according to ACI 306.1 and as 

follows:

1. Discontinue shotcreting when ambient temperature is 40 deg. F and falling. 

Uniformly heat water and pre-packaged materials before mixing to obtain a 

shotcrete shooting temperature of not less than 50 deg. F and not more than 90 

deg. F.

2. Do not use frozen materials containing ice or snow.

3. Do not place shotcrete on frozen surfaces or surfaces containing frozen 

materials.

4. Do not use calcium chloride, salt, or other materials containing antifreeze 

agents.

F. Hot-Weather Shotcreting: Mix, place, and protect shotcrete according to ACI 506R when 

hot weather conditions and high temperatures would seriously impair quality and 

strength of shotcrete, and as follows:

 1. Cool ingredients before mixing to maintain shotcrete temperature at time 

of placement below 100 deg. F for dry mix or 90 deg. F for wet mix.

 2. Reduce temperature of reinforcing steel and receiving surfaces below 100 

deg. F before shotcreting.
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1.9 CLEANING:

A. It is the intent of this contract that the storm pipe, structures, and all other 

appurtenances be cleaned and inspected within the project limits as defined by these 

contract documents.  The Contractor is responsible for all procedures of accessing and, 

cleaning as necessary to complete the work required prior to shotcrete lining. 

B. The Contract Drawings provide details showing the access points for cleaning the 

structure and pipes.  It is the responsibility of the Contractor to include personnel on 

their team as necessary to successfully and safely conduct the work as shown on the 

contract drawings and to execute the planned work approach (means and methods).

C. Cleaning procedures shall include the use of equipment adequate to clean and remove 

all debris that hinders CCTV and surface preparation prior to shotcrete lining.  Debris 

may include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, 

metallic debris, cloth materials, leaves, organic material, rags, and other materials in the 

pipe and structures. 

D. The sediment and other settled materials have not been characterized in a laboratory.  

The Contractor shall anticipate that sediment and other settle materials shall be of 

variable consistency ranging from runny, quick-sand type material to firm, clay-like to 

solid materials with any of the aforementioned debris interspersed in the sediment.  

1.10 DISPOSAL OF MATERIALS:

A. All waste materials, including but not limited to extracted materials from the storm 

pipe and structures, excess construction materials, and other debris shall become 

the property of the Contractor.  In all cases, the Contractor shall collect and 

transport all materials of all kinds removed from the storm pipe and structures. The 

Contractor shall dispose of all such materials in accordance with the approved 

disposal plan at no additional cost to the City.  No additional payment will be made 

for separating materials as required by the approved disposal facility (i.e. separating 

trash from sediment) or disposing of materials separately.  

B. The Contractor shall prepare a Disposal Plan for review and approval by the City 

prior to performing any work that might generate waste materials.  The plan shall 

include a complete description of the materials that are expected to be 

encountered, dewatering procedures and their proposed disposal site(s).

C. The Contractor shall be responsible for obtaining all Federal, State and Local permits 

related to the disposal operations and the Contractor shall comply with all 

requirements of those permits.

1.11 QUALITY CONTROL:

A. Daily Activity Logs: 

1. A Daily Activity Log will be filled out completely anytime a work crew is on 

site. This log includes listing the personnel present at the site, when they arrived 

and when they left the site. 

2. The operating conditions are also recorded. These measurements include the 

water addition rate taken at the meter tube, the retrieval speed of the 

retraction system and the pump motor speed recorded at the pump. 
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3. Any special conditions are to be noted in the daily log. 

B. Equipment Calibration Reports: 

1. Equipment calibration reports are to be maintained at all times for inspection by 

the City’s staff. 

D. Final Inspection:

1. Inspection of the lining products and materials may also be made by the City 

after delivery.  The lining products and materials shall be subject to rejection at 

any time on account of failure to meet any of the Specification requirements, 

even though samples may have been accepted as satisfactory at the place of 

manufacture.  Lining materials rejected after delivery shall be marked for 

identification and shall be removed from the job immediately.

1.12 WARRANTY:

A. Contractor shall warrant all work against defects in materials and workmanship for a 

period of two (2) years, unless otherwise noted, from the date of the Warranty 

Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the 

final acceptance of the project, but not more than 18 months afterwards.  Contractor 

shall, within a reasonable time after receipt of written notice thereof (but not more than 

120 calendar days), repair or replace defects in materials or workmanship which may 

have developed since the date of Final Acceptance, and any damage to other work 

caused by such defects or the repairing of same, at his or her own expense and without 

cost to the City of Newark.

B. The Contractor shall also warrant the City of Newark so that the materials used on this 

contract, where covered by patents or license agreements, are furnished in accordance 

with such agreements and that the prices included herein cover all applicable royalties 

and fees in accordance with such license agreements.  The contractor shall defend, 

indemnify and hold the City of Newark harmless from and against any and all costs, loss, 

damage or expense arising out of or in any way connected with any claim of infringement 

of patent, trademark or violation of license agreement.  

PART 2 PRODUCTS

2.1 EXISTING PRODUCTS:

A. Existing pipe will consist of corrugated metal.

2.2 ACCEPTABLE MATERIALS:

A.          Cement: 

1. Portland conforming to ASTM C150, Type I/II.

         B.            Aggregate:

           1.           The Aggregate shall be naturally siliceous sand conforming to the requirements 

        of ASTM C-33, unless otherwise designated.

  2.           Aggregate shall not contain less than 3% nor more than 6% moisture.

  3.           The combined gradation of coarse and fine aggregates shall conform to the 
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        following unless otherwise designated:

Sieve Size

 (US Standard) Square Mesh

Percent by Weight

 Passing Individual Sieve

1 inch -----

¾ inch -----

½ inch 100

3/8 inch 95-100

No. 4 72-85

No. 8 52-73

No. 16 36-55

No. 30 20-38

No. 50 7-20

No. 100 2-12

No. 200 0-5

         A.          Water:

                            1.            Only fresh, clean, potable water shall be used in mixing.

         B.          Admixtures:

 1.            Admixtures shall be subject to the approval of The City of Newark.  Admixtures 

       containing calcium chloride or triethanolamine shall not be used.  Admixtures 

                used in combination shall be physically and chemically compatible and shall be 

       so certified by the manufacturer.  Admixtures shall be products of a single 

                manufacturer who shall provide, as necessary, assistance, and advice to The City 

                of Newark on the proper use of admixtures.  Use of admixtures shall be at 

       Contractor’s expense and no separate payment will be made.

        a.            Chemical admixtures shall conform to ASTM C-494.

        b.            Air entrained admixtures shall conform to ASTM C-260.

        c.            Fly ash and pozzolanic materials shall conform to ASTM C-618.

        d.            Accelerating admixtures shall develop quick set and high-early strength 

                                                           characteristics as follows:

Time of Initial Set 3 minutes maximum

Time of Final Set 12 minutes maximum

8 Hour Compressive Strength 600 psi minimum

  2.            Time of setting shall be determined by Contractor in accordance with ASTM C-
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266, except that the accelerator shall be added to 50 grams of cement, together 

with the water to produce a water to cement ratio of 0.40, in varying 

percentages expected to be used in the actual shotcrete installation.  The 

minimum possible time interval shall be used to attain the proper mixing 

without disturbing the initial set of the paste.

 3. The compressive strength shall be determined by Contractor in accordance with 

ASTM C-109, except that the accelerator in varying percentages expected to be 

used in the shotcrete mix design shall be added to the mortar prepared with a 

water cement ratio of 0.40.  In order to accomplish the molding of the 

specimen without disturbing the initial setting of the mortar, the intervals of 

time in the above specification are hereby waived.

 4.         The shotcrete mix shall include an antimicrobial additive to prevent the 

concrete from bacterial growth.

A. Form Materials:

                            1.            Form facing panels that will provide continuous, straight, smooth, concrete 

        surfaces.  Furnish panels in largest practicable sizes to minimize number of 

        joints.

B. Reinforcement:

 1.            Steel Reinforcement:

        a. Reinforcing steel shall meet the requirements of ASTM A-615, Grade 60 

unless otherwise designated.

        b.           Welded wire fabric or wire mesh shall conform to ASTM A-185.  Unless 

otherwise specified, the wire mesh shall be 2 inches by 2 inches - 12/12 

guage galvanized welded wire fabric.

        c. Metal accessories, including all spacers, ties, fasteners, and other 

devices shall be provided for properly spacing, placing, and supporting 

the reinforcement.

2.3 SHOTCRETE CHARACTERIZATION TECHNIQUES:  NOT USED

2.4 SHOTCRETE DESIGN:

A. Structural Requirements

1. Shotcrete design mix shall be for Corrugated Metal Pipe (CMP) storm culvert 

applications, and fully deteriorated pipe condition.

2. Shotcrete component materials shall be selected and proportioned so as to 

produce a minimum 28-day compressive strength of 5000 psi (fc) and a 

minimum 28-day flexural strength of 800 psi.

3. Shotcrete shall be composed of Portland cement, aggregate, water, and 

reinforcement where specified, proportioned so as to produce a concrete 

suitable for pneumatic application and meeting the specified strength 

requirements herein set forth.
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          B.  The Shotcrete lining system designed for the fully deteriorated condition shall be 

 based on the following conditions:

1. Assume that the groundwater surface is at elevation provided in design 

table.

2. Unit weight of soil = 125 pcf.

3. Modulus of soil reaction, E’s = 700 psi.

4. Automotive vehicle loading of HS-20 as defined in AASHTO-SSHB, including 

impact factor shall be applied to all sites in the vicinity of roadways and 

vehicle storage or maintenance facilities shown on the Contract Drawings.

5. Railroad loading of Cooper E80, as defined in AASHTO-SSHB, including 

impact factor, shall be applied at all sites in the vicinity of railroads shown 

on the Contract Drawings.

6. Building live and dead loads shall be assumed to be 5,000 pounds per square 

foot (psf) on a 6 feet wide continuous footing within the direct influence of 

the culvert being rehabilitated at all sites impacted by buildings shown on 

the Contract Drawings. 

7. Maximum internal pressure head shall be 25 feet.

8. Short-term during grouting:

a. Design Safety Factor for bending stresses shall not be less than 2.0

b. The shotcrete lining (including any internal bracing system, if used) 

shall be capable of withstanding a minimum of three (3) to five (5) 

psi grout pressure or higher if required by the installation.

9. Long-term check:

a. Design Safety Factor shall not be less than 2.0.

b. Maximum deflection shall be two percent (2%).

2.5 PHYSICAL PROPERTIES:  NOT USED

2.6 SHOTCRETE LINER APPLICATION EQUIPMENT:

A. Mixing Equipment:  Capable of thoroughly mixing shotcrete materials in sufficient 

quantities to maintain continuous placement. 

B. Dry-Mix Delivery Equipment: Capable of discharging aggregate-cement mixture into 

delivery hose under close control and maintaining continuous stream of uniformly 

mixed materials at required velocity to discharge nozzle. Equip discharge nozzle with 

manually operated water-injection system for directing even distribution of water to 

aggregate-cement mixture.

  1. Provide uniform, steady supply of clean, compressed air to maintain 

constant nozzle velocity while simultaneously operating blow pipe for 

cleaning away rebound.

  2. Provide water supply with uniform pressure at discharge nozzle to ensure 

uniform mixing with aggregate-cement mix. Provide water pump to 
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system if line water pressure is inadequate.

C. Wet-Mix Delivery Equipment:  Capable of discharging aggregate-cement-water mixture 

accurately, uniformly, and continuously.

2.7 EQUIPMENT MAINTENANCE:

A. All equipment shall be clean and in good working condition.

B. Maintenance and service shall be performed on the equipment to Manufacturer’s 

standards.

PART 3 EXECUTION

3.1 PRE-CONSTRUCTION INSPECTIONS:

A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of 

pipes shall clean and CCTV inspect the pipe, in accordance with the Contract 

Documents, accurately measure the existing pipes, and verify that host pipe 

dimensions are as per the plans to verify the requirement of the liner installation.  

Notify the City if conditions exist which will impact the installation.  If the CCTV 

inspection shows an obstruction that will interfere with the proper liner installation, 

the Contractor shall remove the obstruction of defect prior to initiating lining.  

Debris, sediment, rocks, and trash are not considered obstructions and should be 

removed via cleaning, as required in these specifications.  

3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:

A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all 

foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or 

material that may be attached to the wall or bottom of the pipe.

1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean 

and free all foreign material within the pipe.

2. When grease and oil are present within the pipe, water may be heated to 200° F 

or an approved detergent shall be used integrally with the high-pressure cleaning 

water.

3. All materials resulting from the cleaning of the pipe or structure shall be 

removed prior to application of the shotcrete material and properly disposed of.  

Cleaning, removing, and disposal of debris from pipes or structures, as shown 

on the plans, is considered incidental to shotcrete lining.  

4. Cleaning equipment used shall include, but shall not be limited to, rodding 

machines, dragging machines, and high velocity pressure washers as best 

suited for the particular task.  Only equipment designed for cleaning of large 

diameter lines may be used.  

5. Dragging machine shall include appurtenances such as scrappers, squeegees, 

buckets, and porcupines.  Selection of any equipment shall be based on field 

conditions such as terrain, access to manholes, structures, type of debris, size of 

pipe, and the conditions of lines at the time the work commences.  
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6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, 

trash, mud, wood, bricks, and other materials and obstructions from the storm 

pipes and structures.

7. Backup equipment shall be available and capable of being delivered to the site 

within 24 hours. 

8. The newly prepared surface shall be thoroughly moistened with water prior to 

application of shotcrete. In no instance shall shotcrete be applied in an area 

where there is free running water.

3.3 ACCEPTABLE APPLICATORS:  NOT USED

3.4 EXAMINATION:  NOT USED

3.5 SEALING ACTIVE LEAKS:

A. The work consists of hand applying a dry quick-setting cementitious mix or, for heavy 

leaks, chemical grout designed to instantly stop running water or seepage in all types of 

pipes. The contractor shall apply an approved shotcrete-compatible quick-setting mortar 

or chemical grout in accordance with Manufacturer’s recommendations.

3.6 FORMS:

         A. Design, erect, support, brace, and maintain forms, according to ACI 301, to support 

shotcrete and construction loads and to facilitate shotcreting. Construct forms so 

shotcrete members and structures are secured to prevent excessive vibration or 

deflection during shotcreting.

1. Fabricate forms to be readily removable without impact, shock, or

damage to shotcrete surfaces and adjacent materials.

2. Construct forms to required sizes, shapes, lines, and dimensions using ground 

wires and depth gages to obtain accurate alignment, location, and grades in 

finished structures. Construct forms to prevent leakage but permit escape of air 

and rebound during shotcreting. Provide for openings, offsets, blocking, 

screeds, anchorages, inserts, and other features required in the Work.

         B. Form openings, chases, recesses, bulkheads, keyways, and screeds in formwork. 

Determine sizes and locations from trades providing such items. Accurately place and 

securely support items built into forms.

3.7 STEEL REINFORCEMENT:

         A. Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and supporting 

reinforcement.

         B. Clean reinforcement of loose rust and mill scale, earth, ice, and other materials that 

weaken shotcrete bonding.

         C. Securely embed reinforcing anchors into existing substrates, located as required.

         D. Accurately position, support, and rigidly secure reinforcement against displacement by 

formwork, construction, or shotcreting. Locate and support reinforcement by metal 

chairs, runners, bolsters, spacers, and hangers, as required.

         E. Place reinforcement to obtain minimum coverage for shotcrete protection. Arrange, 
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space, and securely tie bars and bar supports to hold reinforcement in position during 

shotcreting. Set wire ties with ends directed into shotcrete, not toward exposed 

shotcrete surfaces.

         F. Install welded wire fabric in lengths as long as practicable. Lap adjoining pieces at least 

one full mesh and lace splices with wire. Offset laps of adjoining widths to prevent 

continuous laps in either direction.

3.8 APPLICATION:

A. Apply temporary protective coverings and protect adjacent surfaces against deposit 

of rebound and overspray or impact from nozzle stream.

B. Moisten substrate immediately before placing shotcrete.

1. Moisten wood forms immediately before placing shotcrete where form 

coatings are not used.

C. Apply shotcrete according to ACI 506.2.

D. Apply dry-mix shotcrete materials within 45 minutes after pre-dampening and wet 

mix shotcrete materials within 90 minutes after batching.

E. Deposit shotcrete continuously in multiple passes, to required thickness, without 

cold joints and laminations developing. Place shotcrete with nozzle held 

perpendicular to receiving surface. Begin shotcreting in corners and recesses.

1. Remove and dispose of rebound and overspray materials during shotcreting 

to maintain clean surfaces and to prevent rebound entrapment.

F. Maintain reinforcement in position during shotcreting. Place shotcrete to 

completely encase reinforcement and other embedded items. Maintain steel 

reinforcement free of overspray and prevent buildup against front face during 

shotcreting.

G. Do not place subsequent lifts until previous lift of shotcrete is capable of supporting 

new shotcrete.

H. Do not permit shotcrete to sag, slough, or dislodge.

I. Remove hardened overspray, rebound, and laitance from shotcrete surfaces to 

receive additional layers of shotcrete; dampen surfaces before shotcreting.

J. Do not disturb shotcrete surfaces before beginning finishing operations.

K. Remove ground wires or other alignment control devices after shotcrete placement.

L. Installation Tolerances:  Place shotcrete without exceeding installation tolerances 

permitted by ACI 117R, increased by a factor of 2.

3.9 JOINTS:

A. Construction joints or day’s work joints shall be sloped off to a thin, clean, regular 

edge preferably at a 45-degree slope. Before placing the adjoining work, the slope 

portion of adjacent shotcrete shall be thoroughly cleaned as necessary, then 

moistened and scoured with an air jet.
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3.10 SURFACE FINISH:

A. Contractor shall bring the shotcrete to an even plane and well-formed corners.

B. After the shotcrete has been placed to the depth required, the surface shall be 

checked with a straightedge or template. Low spots shall be brought up to grade by 

placing additional shotcrete.

C. The entire surface shall then receive a brush finish parallel to the direction of flow.

3.11 CURING:

A. Protect freshly placed shotcrete from premature drying and excessive cold or hot 

temperatures.

B. Start initial curing as soon as free water has disappeared from shotcrete surface 

after placing and finishing.

C. Cure shotcrete by one of the following methods:

1.  Moisture Curing: Keep surfaces continuously moist for at least seven days 

with water, continuous water-fog spray, water-saturated absorptive covers, 

or moisture-retaining covers. Lap and seal sides and ends of covers.

2. Curing Compound:  The curing compound should follow ASTM C309. Apply 

curing compound uniformly in continuous operation by power spray 

according to manufacturer's written instructions. Recoat areas subjected to 

heavy rainfall within three hours after initial application. Maintain continuity 

of coating and repair damage during curing period.  Apply curing compound 

to natural or gun-finished shotcrete at rate of 1 gal./100 sq. ft.

D. Cure formed shotcrete surfaces by moist curing with forms in place for full curing 

period or until forms are removed. If forms are removed, continue curing by 

methods specified above, as applicable.

3.12 FORM REMOVAL:

A. Forms not supporting weight of shotcrete may be removed after curing at not less 

than 50 deg. F for 24 consecutive hours after gunning, provided shotcrete is hard 

enough not to be damaged by form-removal operations and provided curing and 

protecting operations are maintained.

1. Leave forms supporting weight of shotcrete in place until shotcrete has 

attained design compressive strength. Determine compressive strength of 

in-place shotcrete by testing representative field-cured specimens of 

shotcrete.

2. Remove forms only if shores have been arranged to permit removal of forms 

without loosening or disturbing shores.

B. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, 

delaminated, or otherwise damaged form facing materials are unacceptable for 

exposed surfaces. Apply new form coating compound as specified for new 

formwork.
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3.13 REPAIRS:

A. Remove and replace shotcrete that is delaminated or exhibits laminations, voids, or 

sand/rock pockets exceeding limits for specified core grade of shotcrete.

1. Remove unsound or loose materials and contaminants that may inhibit 

bond of shotcrete repairs.  Chip or scarify areas to be repaired to extent 

necessary to provide sound substrate. Cut edges square and 1/2 inch deep 

at perimeter of work, tapering remaining shoulder at 1:1 slope into cavity to 

eliminate square shoulders. Dampen surfaces and apply new shotcrete.

B. Repair core holes from in-place testing according to repair provisions in ACI 301 and 

match adjacent finish, texture, and color.

3.14 TESTING:

A. The testing laboratory shall be independent of the Owner, Engineer and Contractor; 

the testing laboratory, in addition to meeting requirements of ASTM C-1077 and 

ASTM E-329, must be an approved laboratory competent to perform concrete 

physical testing. All tests must be performed in strict accordance with the applicable 

ASTM standard.

B. Within 24 hours of results of tests, copies of the results shall be submitted to the 

Architect, Contractor and the supplier if applicable.

C. Shotcrete Testing: Wet shotcrete test cylinders (3”x6”) shall be cast prior to 

pumping. Dry shotcrete test panels (16”x16”x6”) shall be made and then 3” cores 

should be taken from the panel. Six cylinders or six cores shall be prepared for every 

12 cubic yards of shotcrete placed and tested for air content (ASTM C 173 or ASTM 

C 231) and compressive strength (ACI 506.2 and ASTM C 42). 

D. Shotcrete Temperature: ASTM C 1064; 1 test hourly when air temperature is 40 

deg. F and below and when 80 deg. F and above, and 1 test for each set of 

compressive-strength specimens.

E. In-Place Shotcrete: If the cylinders or cores taken previously do not meet minimum 

testing requirements, in-place coring and testing will be necessary. Take a set of 6 

unreinforced cores for each mix and for each workday or for every 12 cubic yards of 

shotcrete placed; whichever is less. Test cores for compressive strength according 

to ACI 506.2 and ASTM C 42.  Do not cut steel reinforcement.

F. Strength of shotcrete will be considered satisfactory when mean compressive 

strength of each set of 3 unreinforced cores equals or exceeds 85 percent of 

specified compressive strength, with no individual core less than 75 percent of 

specified compressive strength.

3.15 BYPASS PUMPING:

A. Contractor is responsible for monitoring local weather prior to scheduling work.  The 

Contractor is responsible for any complications that arise from materials not curing due 

to surface runoff that may enter the system via manhole lids, inlets, infiltration or any 

other route.   The City will not be responsible for any added costs due to such issues.  

Delays in contract time will not be acceptable due to rework caused by weather 

complications.
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1. If the cleaning process reveals that the pipe invert, crown or sidewalls are 

deteriorated, measures will be taken to provide a continuous slope to the 

pipe, including the use of a flowable fill or class D concrete.  

2. If additional repair procedures must be undertaken by the Contractor to 

prepare the existing surface to the Manufacturers recommended condition 

prior to lining, the Contractor shall coordinate the repair with the Inspector for 

approval.  No additional payment will be made for additional surface 

preparation or repairs that are not shown on the plans.  All materials used shall 

be compatible with the shotcrete lining system product.  All product data for all 

proposed products shall be submitted during the submittal process, prior to 

commencing work.  

3.16 MATERIAL REMOVAL AND DISPOSAL: 

A. Sediment will be of variable consistency and water content that will require different 

handling processes and will require different tools and equipment for safe handling and 

removal.  The Contractor shall be responsible for removing sediment regardless of 

consistency and water content. 

B. Under no circumstances shall any debris removed during these operations be dumped 

or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids 

resulting from the cleaning operations shall be removed from the site and disposed of 

by the Contractor in a legal and sanitary manner as approved by appropriate authorities 

at the Contractor’s cost.  All materials shall be removed from the site no less often that 

the end of each workday.  Material may be allowed to de-water overnight in the 

collection boxes.  Under no circumstances will the Contractor be allowed to accumulate 

debris, etc., on site of work beyond the stated time, except on totally enclosed 

containers and as acceptable to the City.  Materials removed from the pipes and 

structures during cleaning operation shall be drained free of water.  The Contractor shall 

dispose of this material as specified in the approved Disposal Plan.

C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably 

free of odors and shall bear responsibility for the cleanup of any spill which occurs 

during the transport of cleaning and surface preparation by-products and the cleanup of 

any such material which is authorized by or pursuant to this contract and in accordance 

with the applicable law and regulations.  The Contractor shall immediately clean up any 

such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, 

the City of Newark shall have the right to clean up or arrange for its cleanup and shall 

charge the Contractor all costs, including administrative costs and overhead, incurred by 

the City of Newark in connection with such cleanup.  The City of Newark shall also 

charge to the Contractor any costs incurred or penalties imposed on the City of Newark 

by regulatory agencies as a result of any spill dump or discard.  Under no circumstances 

is this material to be discharged into the waterways or any place other than where 

authorized to do so by the appropriate authority.

D. The general requirements for vehicles hauling such waste material are as follows: 

Transport vehicles must be of type(s) approved for this application by the political 

jurisdictions involved.  General requirements are that the vehicles are equipped and 

fitted with necessary seals or covers to prohibit material spillage or drainage, and that 
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they are cleaned as often as is necessary to prevent deposit of material on roadways.  

Vehicles must be loaded within legal weight limits and operated safely within all traffic 

speed regulations.

E. The routes used by the Contractor for the conveyance of this material on a regular basis 

shall be subject to approval by the governing authority having jurisdiction over such 

routes.

3.17 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES: 

A. All equipment used during the days/shifts operations shall be properly cleaned and 

stored. 

B. All hoses, fittings, pumps, mixers, spray head equipment, and retraction equipment 

will be cleaned both inside and out. 

3.18 FINAL INSPECTION:  

A. At the completion of a lining stage of the pipe, and once all repairs have been made and 

accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the City by the Contractor in a format acceptable to the 

City. This inspection shall be performed by a color video inspection system. The finished 

shotcrete liner shall be continuous over the entire length of all runs and be free of dry 

spots. No infiltration of groundwater shall be observed. All service entrances shall be 

accounted for and shall be unobstructed.

3.19 ACCEPTANCE:

A. When shotcrete lacks uniformity, exhibits segregation, honeycombing, or 

laminations, or contains dry patches, slugs, voids or sand pockets the Contractor 

shall remove and replace the defective shotcrete.  The City of Newark's concurrence 

in the extent of removal and replacement is required.

B. Prior to starting significant removal and replacement work the Contractor shall 

obtain The City of Newark's approval of their plan for making the repair. Such 

approval shall not be considered a waiver of The City of Newark’s right to require 

complete removal of defective work if the completed repair does not produce 

shotcrete of the required quality and appearance.

C. Repair work shall be performed only when The City of Newark is present.

D. Repair shall be made with shotcrete conforming to this specification. When removal 

of defective shotcrete is required, reinforcement damaged or destroyed shall be 

replaced prior to replacement of the shotcrete. At the edges of removed sections 

the sound shotcrete shall be carefully trimmed to the extent required to expose 

sufficient reinforcement for effecting competent splices. The sound shotcrete at the 

edges of removed sections shall be trimmed to a slope of approximately 45 degrees 

with the surface of the work and shall be thoroughly moistened prior to placement 

of the new shotcrete.

E. Portions of the work having thickness less than those specified may be repaired by 

the placement of additional layers of shotcrete, provided that such repair is 

expressly approved by The City of Newark.
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F. Surfaces of the work to which additional shotcrete is to be applied shall be prepared 

as required by this specification.

G. Curing as specified in this specification shall be applied to repaired areas 

immediately after the repairs are completed.

H. Contractor is responsible for providing internal inspection after the repairs are 

made, and submit video documentation to The City of Newark, in accordance with 

the Contract Documents.

3.20 WARRANTY INSPECTION:

A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 

12 months after the establishment of Final Acceptance, but not more than 18 

months afterwards. Any deficiencies in the finished coating shall be marked and 

repaired by the Applicator according to the procedures set forth herein.

B. At the completion of the Warranty Inspection, and once all repairs have been made 

and accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the Engineer by the Contractor in a format 

acceptable to the City of Newark. This inspection shall be performed by a color 

video inspection system.  All defects shall be repaired.
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SECTION 03 00 00

GEOPOLYMER STRUCTURAL LINING SYSTEM

PART 1 GENERAL

1.1 SUMMARY:

A. This specification covers work, materials and equipment required for the 

preparation and installation of a Geopolymer Lining System providing a minimum 

50-year design life for internal protection and structural rehabilitation. This is 

accomplished by using an approved structural, monolithic spray-application of a 

high-build, geopolymer liner system with corrosion protection.   The protection 

lining works shall include all activities associated with the protection lining system, 

not limited to the following:

1. Design of approved continuous protection liners to the internal surface of the 

host pipe.

2. Pre-construction inspection, cleaning, and surface preparation of host pipe 

prior to application of protection lining system.

3. Installation of approved continuous protection liners to the entire internal 

surface of the host pipe, manhole to manhole, manhole to structure, or 

structure to structure.  Partial liner installations, unless directed by the 

Owner, are not allowed.

4. Quality Control Measures.

5. Post-construction inspection, testing, and repairs.

6. Warranty inspection, testing, and repairs.

B. Work also includes preparatory work and operations necessary to mobilize and 

demobilize for the project.  Work includes:

1. Mobilization and setting up operation on the project site with personnel, 

equipment, supplies, and accessory items.

2. Scheduling details, coordination, and any other work and expense 

appropriate that is prior to start of work under other Contract pay items.

3. Demobilization, of above items until the completion of project.

C. Work also includes the following:

1. Removal and disposal of debris.

1.2 REFERENCES:

A. Applicable ASTM and ACI Standards and Specifications

Unless revised herein, the Contractor shall follow the latest revision of the practices 

and standards of the following American Society for Testing and Materials (ASTM) 

Standards, and the American Concrete Institute (ACI) Standards, which are made 

part of this specification:
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1. American Society for Testing and Materials (ASTM):

a. ASTM C 33 – Standard Specification for Concrete Aggregates

b. ASTM C 39 – Standard Test Method for Compressive Strength for 

Cylindrical Concrete Specimens

c. ASTM C 42 – Standard Test Method For Obtaining And Testing 

Drilled Cores And Sawed Beams Of Concrete

d. ASTM C 78 – Standard Test Method For Flexural Strength Of 

Concrete (Using Simple Beam With Third-Point Loading)

e. ASTM C 109 – Compressive Strength Hydraulic Cement Mortars

f. ASTM C 138 / C 642 – Standard Test Method For Density

g. ASTM C 172 – Standard Practice for Sampling Freshly Mixed 

Concrete

h. ASTM C 266 – Standard Test Method For Time Of Setting Of 

Hydraulic-Cement Paste By Gillmore Needles

i. ASTM C 267 – Chemical Resistance Of Mortars, Grouts, And 

Monolithic Surfacing And Polymer Concretes 

j. ASTM C 293 / C 348 – Flexural Strength Of Concrete

k. ASTM C 469 – Static Modulus Of Elasticity & Poisson’s Ratio Of 

Concrete Compression

l. ASTM C 496 – Splitting Tensile Strength Of Cylindrical Concrete 

Specimens

m. ASTM C 666 – Standard Test Method for Splitting Tensile Strength or 

Cylindrical Concrete Specimens

n. ASTM C 801 – Standard Test Method for Time of Setting of Hydraulic 

Cement Mortar by Modified Vicat Needle

o. ASTM C 882 – Bond Strength Of Epoxy-Resin Systems Used With 

Concrete By Slant Shear

p. ASTM C 1090 – Standard Test Method for measuring Changes in 

Height of Cylindrical Specimens of Hydraulic-Cement Grout

q. ASTM C 1138 – Standard Test Method For Abrasion Resistance Of 

Concrete By Sandblasting

r. ASTM C 1140-03a – Preparing And Testing Specimens From 

Shotcrete Test Panels

s. ASTM C 1202 – Standard Test Method For Electrical Indication Of 

Concrete’s Ability To Resist Chloride Ion Penetration

t. ASTM E 329 – Standard Specification For Agencies Engaged In 

Construction Inspection, Testing, Or Special Inspection
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u. ASTM F 2414 – Practice For Sealing Sewer Manhole Using Chemical 

Grouting

2. American Concrete Institute (ACI)

a. ACI 305R – Hot Weather Concreting

b. ACI 306R – Cold Weather Concreting

1.3 DEFINITIONS:

A. Geopolymer:  A high strength and ultra-low porosity material formed by alkali activation 

of aluminosilicate powder (e.g. typically materials with high percentages of silica and 

alumina).

B. Rebound:  Aggregate and cement paste, which ricochets off the surface during the 

application of shotcrete due to collision with the surface, reinforcement, or with the 

aggregate particles themselves.

C. Cement:  Cement, unless otherwise specified, includes Portland Cement, Geopolymer 

Cement, and Geopolymer Mortar.

D. Fiber Reinforced Mortar:  Any Cement Mortar reinforced with fibers to give the mortar 

higher strength or performance characteristics.  

E. Flowable Fill: Flowable fill shall be a controlled low-strength material consisting of fluid 

mixture of cement, fly ash, aggregate, water and with admixtures as necessary to 

provide workable properties.

F. Abandonment: Abandonment of existing non-functional infrastructure(s) includes but 

not be limited to pipelines, manholes, concrete or masonry structures, laterals, 

connecting pipes, as shown on the Contract Drawings. 

1.4 QUALITY ASSURANCE:

A. Product Manufacturer: Company specializing in manufacturing quality Geopolymer 

liner products with minimum 5-years’ experience.  Company shall submit five (5) 

references for installation of proposed product within the last five (5) years.

B. Applicator: Company specializing in Geopolymer liner products shall be pre-

approved in the application of spray on lining systems.  Applicator shall initiate and 

enforce quality control procedures consistent with applicable ASTM, ACI, and SSPC 

(Society for Protective Coatings) standards and the Geopolymer liner 

Manufacturer’s recommendations.  The Contractor and/or Subcontractor shall be 

able to demonstrate that they have successfully completed a minimum of 5,000 

linear (LF) of spray on mortar lining rehabilitation.  The Contractor shall submit 

references meeting these requirements.  The references shall include size/diameter 

of pipe, length of installation; size of bypass pumping required for performing the 

work, name and telephone number of the owner and date of installation. 

C. Single Source Responsibility: Use only products approved by Geopolymer liner 

Manufacturer and use only within recommended limits.

D. Testing: Structural rehabilitation products submitted for approval shall provide third 

party test results supporting the structural performance of the product and such 
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data shall be satisfactory to the City of Newark.  No product will be approved 

without independent third-party testing verification. 

E. All requested documented experience must be based on the experience of the 

“Company” and not on the experience of an individual within the organization. 

F. The Contractor shall submit a certified statement from the manufacturer that 

he/she is a certified and/or licensed installer of the liner. 

G. Personnel Experience: Foreman shall have a minimum of three (3) years of 

continuous experience including 1000 hours as a spin cast machine operator and 

500 hours as a nozzle operator.  Nozzle operators shall have a minimum of 500 

hours experience as a nozzle operator for construction within sewer and 

stormwater systems.  

H. The City of Newark reserves the right to approve or disapprove the Contractor, 

based on the submitted qualifications. 

1.5 COORDINATION WITH OTHERS:

C. Contractor shall notify residents, businesses and all other authorities of project 

related roadway and traffic impacts.  The work shall be coordinated with these 

authorities on a daily basis to avoid any conflict.  Should the Contractor not perform 

notifications at least 48-hours in advance of their work, the City reserves the right to 

stop work until residents, businesses, etc have had 48-hours notice of proposed 

work. 

D. Potable water is available at no cost to the Contractor at the City of Newark’s 

Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  

Contractor shall not use any hydrants within the distribution system to obtain 

potable water.  All water shall come from the Municipal Maintenance Yard.

1.6 SUBMITTALS:

A. General: Provide all submittals, including the following in accordance with the 

requirements contained in the General Requirements.  

B. This section lists items that shall be submitted at the time of bid:

1. Geopolymer material and design submittals: In order to compare bid 

proposals, the Contractor shall submit the specific geopolymer material 

proposed for the project with a material data sheet that shows it meets or 

exceeds all material properties in this specification. 

2. Third party XRF testing in accordance with Section 2.3A. showing the 

geopolymer meets the properties specified.

3. A preliminary design showing the proposed liner thickness for the project.  

Preliminary designs do not need to be sealed by a professional engineer in 

the state of Delaware.  Once project is awarded, Contractor is responsible to 

submit signed and sealed final designs.
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C. All test reports, samples, minimum liner thickness calculations, and applicator 

qualifications shall be submitted to the City for review and approval prior to any 

field work taking place. 

D. Product Literature and Samples to be submitted prior to any field work:  

1. Submit representative samples and related product literature of materials being 

used, including names, material characteristics, and physical and structural 

properties, sources, and descriptions.  Include required substrate preparation, 

on-site quality assurance recommendations and a list of all materials to be used. 

2. Submit manufacturer’s recommendations for shipping, storage and handling of 

all components of the geopolymer lining materials. Manufacturer’s 

recommended pressures, temperatures, and duration of curing shall also be 

submitted.

3. Manufacturer’s standard size cured sample showing the installed lining system 

to be expected in the finished Work.  Show the full thickness, or a typical 

thickness when underlayment requirements will vary, of the system with all 

components in place.  The geopolymer lining must be at full thickness.  Samples 

submittals will be reviewed for floor, texture, and pattern only.  Compliances 

with other requirements is the sole responsibility of the Contractor. 

4. Liner design sealed by a Professional Engineer licensed in the State of Delaware. 

5. Contractor shall submit literature for project materials including, but not limited 

to:

a. Geopolymer Liner

b. Flowable fill

c. Trash Rack

d. Concrete

e. Welded Wire Fabric

f. Wire Mesh

g. Carbon Fiber Wrap

h. Rebar

i. Pipe Supports

j. Hydraulic Cement

k. Chemical Grout

l. Manufactured Plug

m. List of all cleaning, inspection, safety, access plans, and traffic control 

equipment. 

E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and 

debris removal/disposal and coordination with the aforementioned required cleaning 

plans.  Employee safety, HASP adequacy and regulatory compliance are the sole 
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responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, 

but neither will comment, approve or disapprove the plan.

F. Before any field work by the Contactor, the Contractor shall submit the following 

to the City to review:

1. Manufacturer-certified copies of all test reports on each product used, including 

ASTM test results indicating the product conforms to and is suitable for its 

intended use per these specifications material properties.

2. Test reports shall be performed at the Contractor’s expense and shall be carried 

out by an approved laboratory or by a reputable independent testing body 

meeting the requirements of ASTM E 329 and the requirements for an ACI 

Certified Field Testing Technician, Level I. 

3. Geopolymer manufacturer’s product data and ins

G. Certificates: Submit certificates proving that personnel performing the work are 

qualified to the level required in these specifications.  List personnel by name with 

capabilities, projects, and duties performed on those projects.  Prove written 

certification of compliance with the ASTM standards cited in this specification.

H. Detailed plan for weather monitoring during geopolymer application and, when 

applicable, traffic control methods and inventory of the equipment proposed for 

this operation.

I. The Contractor shall submit the following information the same day as the 

installation:

1. Daily Activity Logs and Field measurements as stated herein.

2. Daily confined space entry form for each manned entry made.  Contractor is 

responsible for confined space permitting.

J. After cleaning and TV inspection by the Contractor of all proposed pipe and 

structures to be rehabilitated and before beginning lining any pipe or structure, the 

Contractor shall submit the following to the City for review:

1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the pipe or 

structure prior to product application in a format acceptable to the City.

K. After rehabilitation of the pipe or structure, the Contractor shall submit the 

following to the City of Newark for record purposes: 

1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the 

Completed Work in a format acceptable to the City.

2. Test results of samples of Geopolymer liner as specified in the contract 

documents.

1.7 DELIVERY, STORAGE, AND HANDLING:

A. Delivery: Deliver materials in original containers with seals unbroken and labels 

intact and free of moisture.  Do not use materials that have been exposed to 

moisture or if there is visible damage to the packaging.
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B. Receipt Process: All materials must be inspected upon receipt and properly 

documented as to the amount of material and the identification of the material by 

batch numbers.  Dates and times along with the shipping company delivering the 

material should be recorded for possible future reference.  

C. Storage: Contractor shall designate a specific space at the project site for storing 

and mixing materials. Protect this space and repair all damage resulting from use. 

Do not store kerosene nor gasoline in this space. Remove oily rags at the end of 

each day’s work.  Products are to be kept dry, protected from weather and stored 

under cover within the temperature ranges recommended by the manufacturer.  

Products are to be stored and handled according to their MSDSs or appropriate 

classification.  Damaged or unsuitable products shall be promptly removed from the 

job site and shall be replaced with suitable materials.

1.8 PROJECT CONDITIONS:

A. Environmental Requirements: Applicator shall conform with all local, state and federal 

regulations including those set forth by OSHA and the EPA and any other applicable 

authorities.  Confined space entry requirements shall be followed.  Contractor is 

responsible for following all OSHA confined space regulations and for ensuring all 

workers are wearing the proper personal protective equipment (PPE) and monitoring 

equipment.

B. Maintain the temperature inside the pipe at not less than 1.00º C (34º F) and no more 

than 38.00º C (100º F), or as otherwise directed by manufacturer, during application and 

finishing.

C. Provide continuous ventilation and if necessary cooling and heating facilities to maintain 

surface and ambient temperatures before, during, and following application of finishes, 

within temperature range and for duration as directed by manufacturer.

D. Protection: Provide sufficient shielding to fully protect adjacent finished work.

E. Safety: Contractor shall consider the structure as a confined space.  The OSHA 

Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  

Personnel must have the adequate training in confined space.  Personnel shall follow all 

OSHA regulations in terms of training, equipment, monitoring, personal protective 

equipment (PPE), and all other requirements.

F. Weather: Contractor shall take weather into consideration when scheduling work.  

Contractor is liable for any complications that arise from weather.

1.9 CLEANING:

A. It is the intent of this contract that the storm pipe, structures, and all other 

appurtenances be cleaned and inspected within the project limits as defined by these 

contract documents.  The Contractor is responsible for all procedures of accessing and 

cleaning as necessary to complete the work required prior to geopolymer lining. 

B. The Contract Drawings provide details showing the access points for cleaning the 

structure and pipes.  It is the responsibility of the Contractor to include personnel on 

their team as necessary to successfully and safely conduct the work as shown on the 

contract drawings and to execute the planned work approach (means and methods).
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C. Cleaning procedures shall include the use of equipment adequate to clean and remove 

all debris that hinders CCTV and surface preparation prior to geopolymer lining.  Debris 

may include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, 

metallic debris, cloth materials, leaves, organic material, rags, and other materials in the 

pipe and structures. 

D. The sediment and other settled materials have not been characterized in a laboratory.  

The Contractor shall anticipate that sediment and other settle materials shall be of 

variable consistency ranging from runny, quick-sand type material to firm, clay-like to 

solid materials with any of the aforementioned debris interspersed in the sediment.  

1.10 DISPOSAL OF MATERIALS:

A. All waste materials, including but not limited to extracted materials from the storm 

pipe and structures, excess construction materials, and other debris shall become 

the property of the Contractor.  In all cases, the Contractor shall collect and 

transport all materials of all kinds removed from the storm pipe and structures. The 

Contractor shall dispose of all such materials in accordance with the approved 

disposal plan at no additional cost to the City.  No additional payment will be made 

for separating materials as required by the approved disposal facility (i.e. separating 

trash from sediment) or disposing of materials separately.  

B. The Contractor shall prepare a Disposal Plan for review and approval by the City 

prior to performing any work that might generate waste materials.  The plan shall 

include a complete description of the materials that are expected to be 

encountered, dewatering procedures and their proposed disposal site(s).

C. The Contractor shall be responsible for obtaining all Federal, State and Local permits 

related to the disposal operations and the Contractor shall comply with all 

requirements of those permits.

1.11 QUALITY CONTROL:

A. Quality Control, Sampling and Testing:

1. Testing Agency: Provide testing agency for material testing.  Agency to meet 

requirements of ASTM E 329.

2. Regulatory Requirements: Perform all work relating to geopolymer liner in 

accordance with ACI-350.  The applicable code for construction lining shall 

conform to the latest edition of the ACI 350 Environmental Structures, Liner 

designs submitted for review shall bear the seal of a Professional Engineer 

licensed in the State of Delaware. 

3. Preconstruction Testing: Prepare specimens for examination on the first day 

of construction.

a. The proposed nozzle operators are to provide demonstration and 

proficiency in creating the test panels in the presence of the City of 

Newark.

b. Fabricate test specimens, in the presence of City of Newark, using 
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the equipment, materials, and mix proportions proposed for the 

project.  Fabricate one specimen for each shooting position to be 

encountered (i.e. overhead, vertical and horizontal run sections).  

Job-moist cure the test specimens in the same manner as the work.  

Where practical, cure specimens in the storm pipe environment.  

4. For compressive strength and flexural strength testing see section 3.12.

5. During application, Applicator shall regularly perform and record 

Geopolymer lining thickness readings with a method approved by 

manufacturer.  Applicator shall submit all documentation on thickness 

readings to the Inspector on a daily basis when coating application occurs.

B. Daily Activity Logs: 

1. A Daily Activity Log will be filled out completely anytime a work crew is on 

site. This log includes listing the personnel present at the site, when they arrived 

and when they left the site. 

2. Important spray data includes the times material was applied and under which 

atmospheric conditions. The ambient air temperature, the dry powder 

temperature, the mixing water temperature, and the temperature inside the 

pipe are all recorded on the daily activity report. 

3. The operating conditions are also recorded. These measurements include the 

water addition rate taken at the meter tube, the retrieval speed of the 

retraction system and the pump motor speed recorded at the pump. 

4. Any special conditions are to be noted in the daily log. 

C. Equipment Calibration Reports: 

1. Equipment calibration reports are to be maintained at all times for inspection by 

the City’s staff. 

D. Final Inspection:

1. Inspection of the lining products and materials may also be made by the City 

after delivery.  The lining products and materials shall be subject to rejection at 

any time on account of failure to meet any of the Specification requirements, 

even though samples may have been accepted as satisfactory at the place of 

manufacture.  Lining materials rejected after delivery shall be marked for 

identification and shall be removed from the job immediately.

1.12 WARRANTY:

A. Contractor shall warrant all work against defects in materials and workmanship for a 

period of two (2) years, unless otherwise noted, from the date of the Warranty 

Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the 

final acceptance of the project, but not more than 18 months afterwards.  Contractor 

shall, within a reasonable time after receipt of written notice thereof (but not more than 

120 calendar days), repair or replace defects in materials or workmanship which may 

have developed since the date of Final Acceptance, and any damage to other work 
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caused by such defects or the repairing of same, at his or her own expense and without 

cost to the City of Newark.

B. The Contractor shall also warrant the City of Newark so that the materials used on this 

contract, where covered by patents or license agreements, are furnished in accordance 

with such agreements and that the prices included herein cover all applicable royalties 

and fees in accordance with such license agreements.  The contractor shall defend, 

indemnify and hold the City of Newark harmless from and against any and all costs, loss, 

damage or expense arising out of or in any way connected with any claim of infringement 

of patent, trademark or violation of license agreement.  

PART 2 PRODUCTS

2.1 EXISTING PRODUCTS:

A. Existing pipe will consist of corrugated metal.

2.2 ACCEPTABLE MATERIALS:

A. Considered Geopolymer liner products shall be a micro-fiber reinforced ultra-dense 

Geopolymer.  This material shall provide a high strength fiber reinforced mortar 

specifically designed for ease of mechanical pumping, spraying and spin casting. The 

Geopolymer liner shall not clog spinner heads or spray equipment.

B. The Geopolymer liner shall be designed to produce a liner with improved 

compressive and flexural strength, high adhesion to damp surfaces, lower 

permeability and increased resistance to aggressive chemical attack as compared to 

Portland Cement based shotcrete systems.

C. The fiber reinforced formula shall be engineered to improve hydraulic abrasion 

resistance, provide dimensional stability and protect against penetration by 

substances such as fats, oils, gases and chloride ions as compared to Portland 

Cement based shotcrete systems.

D. Acceptable geopolymer materials include GeoSpray by Milliken Infrastructure 

Solutions, Inc, Geokrete by Quadex or approved equal. 

E. Additional materials including chemical grouts and hydraulic cements may be 

necessary to stop infiltration and create a proper surface profile for the geopolymer 

lining to be applied to.  All materials must be compatible with the geopolymer lining 

material.  Contractor shall submit the additional materials and a written letter from 

the manufacturer stating the material/s are compatible with the geopolymer 

system.  This shall be submitted during the submittal process for approval prior to 

any application of materials. 

F. Additional materials including flowable fill or materials consisting of rapid setting 

cements, NSG aggregates, and various accelerating agents may be required to fill 

voids in the pipe and/or structures, including the invert.  Filling voids in the pipe 

and/or structures, including the invert, may be required to create the proper 

surface profile prior to geopolymer lining.  Contractor shall submit the additional 

materials and a written letter from the manufacturer stating the material/s are 
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compatible with the geopolymer system.  This shall be submitted during the 

submittal process for approval prior to any application of materials.

G. Flowable Fill:

1. Cement: ASTM C150 Type I or II.  Provide minimum cement content of 50 

pounds per cubic yard.

2. Fly Ash: ASTM C618, Class C or F.  Provide minimum fly ash content of 200 

pounds per cubic yard. 

3. Aggregate Gradation: 100 percent passing 3/8-inch sieve and not more than 10 

percent passing No. 200 sieve.

4. Aggregate: Screened or crushed aggregate, pit or bank run fine gravels or sand.

5. Admixtures: Meeting ASTM C494 and ASTM C107 as needed to improve 

pumpability, to control time of set and to reduce bleeding.

6. Placement Characteristics: Self-leveling.

7. Shrinkage Characteristics: Non-Shrink.

8. Fludifier: Meeting ASTM C937 as necessary to hold solid constituents in 

suspension.  Add shrinkage compensator if necessary.

9. Unconfined Compression Strength: Minimum 75 psi and maximum 150 psi at 56 

days.

10. Minimum Wet Density: 90 pounds per cubic foot.

H. Welded Wire Fabric

1. Welded wire fabric or wire mesh shall conform to ASTM A-185.  

2. Wire mesh shall be 4x4-W1.4xW1.4 galvanized welded wire fabric.  

2.3 GEOPOLYMER CHARACTERIZATION TECHNIQUES:

A. A process to determine that a product is a geopolymer shall include oxide 

composition and phase composition.                                                

1. Minimum 70% of raw material shall be Pozzolanic material composed of SiO2, 

MgO, Al2O3, and Fe2O3.

2. The geopolymer precursor shall be confirmed by X-ray fluorescence (XRF) 

analysis.

2.4 GEOPOLYMER PIPE DESIGN:

H. The Contractor shall submit liner thickness calculations to the Engineer for review.  

Calculations shall substantiate sufficient liner thickness to achieve desired 50-year design 

life and meet the minimum design requirements listed in Table 1 below. These calculations 

must be verified, approved, and sealed by a registered Professional Engineer in the State 

of Delaware.

I. The Contractor shall submit his or her proposal based upon the appropriate length, size, 

design life and host pipe/structure parameters designated in the Proposal Section.
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J. The final invert throughout the entire structure shall be in a manner that pooling, or 

ponding does not occur.  If pooling or ponding is discovered in the Final inspection or 

Warranty inspection, the Contractor shall repair at no additional cost to the City.  All pipes 

shall have a minimum thickness of 2”.  

K. Overall the hydraulic cross-section shall be maintained as large as possible.  The 

geopolymer liner shall have a minimum of the full flow capacity of the original pipe before 

rehabilitation.  Calculated capacities may be derived using a commonly accepted 

roughness coefficient for the existing pipe material taking into consideration its age and 

condition.  

2.5 PHYSICAL PROPERTIES:

A. The finished pipe must be such that once the Geopolymer liner sets, the total wall 

thickness will be homogeneous and monolithic.                                                                                                                                   

B. The Geopolymer liner material shall conform to the minimum requirements 

demonstrated in the following ASTM Standards as presented in Table 1 below:

TABLE 1

Physical Properties ASTM Reference Requirements

Compressive Strength ASTM C 109 Min. 8,000 psi @ 28 days

Chemical Resistance, 

Sulfuric Acid PH 1.0
ASTM C 267 Max 2% mass loss @ 8 weeks

Flexural Strength ASTM C 78 Min. 800 psi @ 28 days

Modulus of Elasticity ASTM C 469 Min. 5,000,000 psi @ 28 days

Split Tensile Strength ASTM C 496 Min.  800 psi @ 28 days

Shrinkage Test ASTM C 596
Max + 0.03% @ 28 days

Min 0.00% @ 28 days

Bond Strength to Concrete ASTM C 882 Min. 1,700 psi @ 28 days

Density ASTM C 138 / C 642
Dry 110 - 120 lb/ft3

Wet 135 - 145 lb/ft3

2.6 GEOPOLYMER LINER APPLICATION EQUIPMENT:

A. Manufacturer approved equipment shall be used in the application of the specified 

Geopolymer lining.

B. Major equipment components consist of a generator, an air compressor, a high-

pressure washer (3,500 psi minimum), a high shear mixer, a high output pump, a 

gyroscopic high-speed spin cast delivery assembly, an electronic retraction system 

capable of +/- 5% repeatability, and high-pressure hoses and couplings.

C. Application equipment shall include a high shear mixer and high output swing tube 

pump. In addition, the application equipment will have safety sensors that monitor 

specific operation parameters. This system ensures proper water to material ratios and 

material consistencies. 

D. Application equipment shall have visible display for the rate of water addition. This will 

ensure water/material ratios are known and controlled. Water/material ratio must be 

maintained per Manufacturer’s recommendations.
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E. Application equipment shall measure the back pressure on the discharge side of the 

pump. The change in pressure will alert the operator to any potential changes in flow 

rates. Backpressures must not exceed the system providers recommendations at all 

times.

F. Spinner head shall be attached to a gyroscopic mechanism to layer the materials. The 

gyroscopic mechanism can adjust the spinner head pattern and frequency. The multiple 

layering process allows more uniform application of the product and achieves higher 

thickness levels in a single pass.

G. Retraction system shall be capable of pulling the sled assembly with no more than +/-5% 

tolerance.  The tolerance shall be verified on a daily basis, prior to product application, 

and recorded in the daily log.

H. Retraction system shall have a visible display that monitors the controlled rate of 

retraction. The rate of retraction and the volume of material discharged is necessary to 

calculate the thickness of the applied materials.

I. The rate of retraction, material application volume, dry material usage and length of 

pipe covered shall be monitored and recorded on a daily basis. This is critical to measure 

the thickness of material applied.

2.7 EQUIPMENT MAINTENANCE:

A. All equipment shall be clean and in good working condition.

B. Maintenance and service shall be performed on the equipment to Manufacturer’s 

standards.

C. Inspect the dry material hopper in the mixer to ensure that there is no blockage or 

debris in the dry material feed point. Remove any debris prior to feeding dry powder.

D. Inspect the pre-mix chamber to ensure it that there is no blockage or debris. Remove 

any debris prior to mixing.

E. Inspect the mixing chamber to ensure there is no blockage on debris. Remove any 

debris or dry materials prior to application.

F. Inspect the rotor/stator pump to ensure there is no debris or blockage in the pump. 

Remove any debris prior to application.

G. Spare parts or extra equipment shall be kept on site to ensure rapid redeployment in the 

event of equipment failure.

PART 3 EXECUTION

3.1 PRE-CONSTRUCTION INSPECTIONS:

A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of 

pipes shall clean and CCTV inspect the pipe, in accordance with the Contract 

Documents, accurately measure the existing pipes, and verify that host pipe 

dimensions are as per the plans to verify the requirement of the liner installation.  

Notify the City if conditions exist which will impact the installation.  If the CCTV 

inspection shows an obstruction that will interfere with the proper liner installation, 
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the Contractor shall remove the obstruction of defect prior to initiating lining.  

Debris, sediment, rocks, and trash are not considered obstructions and should be 

removed via cleaning, as required in these specifications.  

3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:

A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all 

foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or 

material that may be attached to the wall or bottom of the pipe.

1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean 

and free all foreign material within the pipe.

2. When grease and oil are present within the pipe, water may be heated to 200° F 

or an approved detergent shall be used integrally with the high-pressure cleaning 

water.

3. All materials resulting from the cleaning of the pipe or structure shall be 

removed prior to application of the Geopolymer material and properly disposed 

of.  Cleaning, removing, and disposal of debris from pipes or structures, as 

shown on the plans, is considered incidental to geopolymer lining.  

4. Cleaning equipment used shall include, but shall not be limited to, rodding 

machines, dragging machines, and high velocity pressure washers as best 

suited for the particular task.  Only equipment designed for cleaning of large 

diameter lines may be used.  

5. Dragging machine shall include appurtenances such as scrappers, squeegees, 

buckets, and porcupines.  Selection of any equipment shall be based on field 

conditions such as terrain, access to manholes, structures, type of debris, size of 

pipe, and the conditions of lines at the time the work commences.  

6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, 

trash, mud, wood, bricks, and other materials and obstructions from the storm 

pipes and structures.

7. Backup equipment shall be available and capable of being delivered to the site 

within 24 hours. 

8. If the cleaning process reveals that the pipe invert, crown or sidewalls are 

deteriorated, measures will be taken to provide a continuous slope to the 

pipe, including the use of a flowable fill or class D concrete.  

9. If additional repair procedures must be undertaken by the Contractor to 

prepare the existing surface to the Manufacturers recommended condition 

prior to lining, the Contractor shall coordinate the repair with the Inspector for 

approval.  No additional payment will be made for additional surface 

preparation or repairs that are not shown on the plans.  All materials used shall 

be compatible with the geopolymer lining system product.  All product data for 

all proposed products shall be submitted during the submittal process, prior to 

commencing work.  
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10. Steel reinforcement may be required prior to geopolymer lining. Metal 

accessories, including all spacers, ties, fasteners, and other devises shall be 

provided for properly spacing, placing, and supporting the reinforcement. 

11. All incoming pipes shall be temporarily plugged, as to not allow overspray. Flow 

from these pipes do not need to be maintained, but the Contractor is 

responsible for preventing any overflows relating to plugging during the lining 

applications.  Any bypass pumping used to prevent overflows is the Contractor’s 

responsibility.  No payment will be made for bypass pumping and the City is not 

responsible for any complications that arise from overflows or bypass pumping 

operations. 

3.3 ACCEPTABLE APPLICATORS:

A. Geopolymer liner must be applied by a Certified Applicator of the Geopolymer lining 

Manufacturer, as discussed further in Section 1.5, and according to Manufacturer 

specifications.

B. Format and Submission of Process Control Sheets and Procedures Checklist:

1. Process Control Sheet and Procedure Checklist for all work shall be prepared 

prior to commencement of the work.  These sheets shall be used to ensure 

that the work is carried out and audited at multi-levels according to 

standard steps and procedures in the Process Control sheets and Procedures 

Checklist.

2. A Process Control Sheet shall be prepared for each shift/application at each 

location.  The Process Control Sheet shall contain the following information 

at minimum:

a. Location details, including chainage, upstream, downstream and all 

intermediate manhole/access chambers reference numbers, and the 

precise location of applied coating applications within the pipe 

system;

b. Condition of pipe surface and prevailing atmospheric conditions 

prior to application and during the application and curing process;

c. Material(s) used in the application;

d. Record of time/date of delivery of materials to application point;

e. Time of commencement and completion of the application;

f. Record details of:

1) Quantity, weight of components, batch number of all 

coating materials used

2) Mixing temperature and time

3.4 EXAMINATION:

A. Applicator shall verify that surfaces and substrate conditions are ready to receive 

work as instructed by the product Manufacturer.
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B. Applicator shall examine surfaces scheduled to be finished prior to commencement 

of work. Report to City any condition that may potentially affect proper 

application.

C. Appropriate actions shall be taken to comply with regulatory and other applicable 

agencies with regard to environment, health and safety.

D. Any active flows shall be dammed, plugged or bypassed as required to ensure that 

the conveyed flow is maintained below the surfaces to be coated.   Flows should be 

totally plugged and/or diverted when coating the invert and during required 

dry/cure periods.  All extraneous flows into the pipe at or above the area coated 

shall be plugged and/or diverted until the Geopolymer liner has set per 

Manufacturer recommendations.

E. Installation of the Geopolymer liner shall not commence until the host pipe has 

been properly cleaned and repaired in accordance with these specifications and 

Geopolymer liner Manufacturer recommendations.  All internal debris, including 

but not limited to sediment, gravel, stones, trash, water, etc, shall be removed 

from the structure and disposed of via current environmental regulations.  Prior to 

and during application, care should be taken to avoid exposure of direct sunlight or 

other intense heat source to the pipe being coated.

3.5 SEALING ACTIVE LEAKS:

A. The work consists of hand applying a dry quick-setting cementitious mix or, for heavy 

leaks, chemical grout designed to instantly stop running water or seepage in all types of 

pipes. The contractor shall apply an approved geopolymer-compatible quick-setting 

mortar or chemical grout in accordance with Manufacturer’s recommendations.

3.6 BYPASS PUMPING:

A. Contractor is responsible for monitoring local weather prior to scheduling work.  The 

Contractor is responsible for any complications that arise from materials not curing due 

to surface runoff that may enter the system via manhole lids, inlets, infiltration or any 

other route.   The City will not be responsible for any added costs due to such issues.  

Delays in contract time will not be acceptable due to rework caused by weather 

complications.

3.7 MATERIAL REMOVAL AND DISPOSAL: 

A. Sediment will be of variable consistency and water content that will require different 

handling processes and will require different tools and equipment for safe handling and 

removal.  The Contractor shall be responsible for removing sediment regardless of 

consistency and water content. 

B. Under no circumstances shall any debris removed during these operations be dumped 

or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids 

resulting from the cleaning operations shall be removed from the site and disposed of 

by the Contractor in a legal and sanitary manner as approved by appropriate authorities 

at the Contractor’s cost.  All materials shall be removed from the site no less often that 

the end of each workday.  Material may be allowed to de-water overnight in the 

collection boxes.  Under no circumstances will the Contractor be allowed to accumulate 
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debris, etc., on site of work beyond the stated time, except on totally enclosed 

containers and as acceptable to the City.  Materials removed from the pipes and 

structures during cleaning operation shall be drained free of water.  The Contractor shall 

dispose of this material as specified in the approved Disposal Plan.

C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably 

free of odors and shall bear responsibility for the cleanup of any spill which occurs 

during the transport of cleaning and surface preparation by-products and the cleanup of 

any such material which is authorized by or pursuant to this contract and in accordance 

with the applicable law and regulations.  The Contractor shall immediately clean up any 

such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, 

the City of Newark shall have the right to clean up or arrange for its cleanup and shall 

charge the Contractor all costs, including administrative costs and overhead, incurred by 

the City of Newark in connection with such cleanup.  The City of Newark shall also 

charge to the Contractor any costs incurred or penalties imposed on the City of Newark 

by regulatory agencies as a result of any spill dump or discard.  Under no circumstances 

is this material to be discharged into the waterways or any place other than where 

authorized to do so by the appropriate authority.

D. The general requirements for vehicles hauling such waste material are as follows: 

Transport vehicles must be of type(s) approved for this application by the political 

jurisdictions involved.  General requirements are that the vehicles are equipped and 

fitted with necessary seals or covers to prohibit material spillage or drainage, and that 

they are cleaned as often as is necessary to prevent deposit of material on roadways.  

Vehicles must be loaded within legal weight limits and operated safely within all traffic 

speed regulations.

E. The routes used by the Contractor for the conveyance of this material on a regular basis 

shall be subject to approval by the governing authority having jurisdiction over such 

routes.

3.8 MIXING OF THE GEOPOLYMER LINING MATERIAL:

A. Contractor shall mix the Geopolymer material to the Manufacturer’s recommended 

water/cement ratio. Precision metering of water in mixer is required to maintain the 

strict water to material ratio. The ability to closely adjust and monitor the addition of 

water through the use of a water meter is required.  

B. Mixing water temperatures must be determined before blending operations begin. 

The mixing water temperature must be recorded in the process control sheet at 

multiple times throughout the day during the installation process. Water 

temperatures should be maintained at all times to within the limits required by the 

system supplier or Manufacturer. The ability to provide mixing water at a consistent 

temperature is a critical aspect of the mixing and installation process. 

C. The lining material shall be mixed in a high shear mixer, or similar, to ensure 

thorough and uniform mix of water with the material prior to pumping. 

D. The mixing operations must be performed so that the minimum of dust is released 

into the surrounding environment. 
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E. The batch style mixing, precise metering of water and pump rate eliminates wet/dry 

and thick/thin variations resulting in a uniform structure regardless of the pumping 

distance. 

F. Multiple spin cast nozzles should be onsite at all times to address any application 

issues or failure of the nozzle.  Multiple nozzles may be required to produce the 

required depth or finish of the liner surface.

3.9 APPLICATION OF GEOPOLYMER LINING MATERIAL IN A PIPE:

A. The necessary equipment and application methods to apply the liner materials shall 

be approved by the material Manufacturer prior to commencing lining.  Lining may 

include spin-casting, hand spraying or hand troweling.

B. The Geopolymer lining material delivery hose shall be coupled to a medium-velocity 

spray application nozzle which is capable of bidirectional operation. 

C. Pumping of the material shall commence and the material shall be spin cast onto the 

pipe surface.  Hand spraying may be required at certain locations where spin casting 

is not possible.  The Contractor is responsible for determining where each spray 

method is applicable and planning their methods accordingly.  No additional payment 

will be made for alternate spraying methods.

D. A gyroscopic head that has a speed adjustment for making multiple position changes 

per minute is required. The gyroscopic head allows the spin cast mechanism and the 

associated selected nozzle to make multiple passes on the pipe wall in a single pass of 

the sled assembly.  

E. Spraying of a pipe shall be performed by starting at the pipe end-project location 

(Lower level) and progressing towards the entrance of the pipe (Higher level).  

F. At the beginning of each application segment the retraction system should be 

calibrated. 

G. The measured rate observed and recorded must be within 5% of the expected speed 

and can be verified by this process.  

H. Geopolymer liner shall be applied to a specified uniform minimum thickness as 

instructed by the professional engineer registered in the State of Delaware.  The 

uniform minimum thickness shall be based on meeting the required minimum design 

criteria, as listed in the specification.  The applied minimum thickness will not deviate 

from the approved minimum design thickness submitted during the submittal 

process.  

I. The Geopolymer delivery hose shall be coupled to a gyroscopic applicator device. The 

gyroscopic applicator shall then be positioned within the center, or positioned higher 

inside the pipe, as required by the diameter of the pipe.  

J. As the material begins to be gyroscopically cast evenly around the interior of the 

cavity, the rotating applicator head shall produce a uniform material thickness to the 

repair surface. 

K. Controlled multiple passes shall then be made, if necessary, until the specified 

minimum finished thickness is attained. If the procedure is interrupted for any 
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reason, the operator shall arrest the longitudinal transition of the applicator head 

until flows are recommenced. 

L. Material thickness may be verified at any point with an approved depth gauge. If 

additional material is required at any level, the gyroscopic applicator head shall be 

placed at the location and application shall recommence until that area meets the 

required thickness.  

M. The lining material shall be applied to a damp surface, with no free water.  

N. The medium-velocity spray nozzle and the gyroscopic spin casting head may be used 

in conjunction to facilitate uniform application of the material to irregularities in the 

contour of the pipe walls.  

O. The City of Newark may specify certain pipe spans where the liner will be troweled 

following the spray application. Initial troweling shall be in an upward motion, to 

compress the material and solidify the pipe wall.  This will not exceed 10% of the 

total linear feet in the project and will be done at no additional cost. 

P. The Contractor shall not place geopolymer if drying or stiffening of the mix takes 

place at any time prior to delivery to the nozzle.

Q. The Contractor shall remove all overspray or rebound prior to final set. 

3.10 CURING OF THE GEOPOLYMER LINING MATERIAL: 

A. The Manufacturer’s recommended cure schedule in the curing of Geopolymer liners 

must be strictly adhered to at all times. The Contractor must provide evidence of 

such adherence via the Process Control Sheet.

B. Proper steps shall be taken to ensure the material is cured in a moist and moderate 

climate as directed by the Manufacturer. General underground conditions are usually 

adequate to meet this curing requirement. However, when situations of dry and/or 

hot conditions are present, the use of a wind barrier and fogging spray may be 

required.

C. Refer to ACI 305R-99 for Hot Weather Concreting and ACI 306R-88 for Cold Weather 

Concreting. 

3.11 TERMINATION AND SEALING AT MANHOLES, INLETS AND SHAFTS:

A. Termination of the Geopolymer liner at the end of a pipe, manhole or structure shall 

be completed by hand applying the liner to the outer surface of the pipe or into the 

interior of the manhole or structure. Similarly, laterals and pipe connections shall be 

completed by hand applying the liner to the outer surface of the connection to the 

pipe and smoothly tapering it into the lateral or connecting pipe.

3.12 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES: 

A. All equipment used during the days/shifts operations shall be properly cleaned and 

stored. 

B. All hoses, fittings, pumps, mixers, spray head equipment, and retraction equipment 

will be cleaned both inside and out. 



CITY OF NEWARK GEOPOLYMER STRUCTURAL LINING SYSTEM

03 00 00 - 20

C. All mixed Geopolymer materials shall be captured and disposed of properly.

3.13 FIELD MEASUREMENTS, SAMPLE AND TESTING:

A. Contractor shall perform the following minimum tests or measurements:

1. Water addition rate, pump motor speed controller setting and pump distance.

2. Calculated geopolymer density.

3. Compressive strength.

4. Flexural strength per ASTM C78.

5. Humidity within the pipe.

6. Temperature:

a. Batch water.

b. Geopolymer dry powder before mixing.

c. Ambient temperature within the pipe.

d. Surface temperature of the pipe.

e. Ambient temperature at point of mixing.

f. Temperature of sampled material.

B. Contractor shall be responsible for third party testing of the strength of the placed 

geopolymer according to the follow.3ing:

1. The geopolymer liner material shall be collected at the mixer, immediately 

before discharge into the pump, or at the end of the hose near the discharge 

point in accordance with ASTM C39 for cylinder sample or ASTM C 78 for beam 

samples. ACI grade 1 certified technician shall be used to obtain the sample. 

2. A set of six (6) test cylinder specimens and nine (9) beam samples shall be taken 

at random by the ACI certified test laboratory for compressive strength test and 

flexural strength test.  Test two cylinders and three beams at seven days, three 

cylinders and three beams at twenty-eight days, and, if the twenty-eight-day 

test does not meet the specification, one (1) cylinder and one (1) beam at 56 

days or as directed. 

3. ASTM C-31 shall be consulted prior to casting samples of Geopolymer mortar in 

the field.  In addition to the procedures outlined in ASTM C-31, the following 

additional procedures, precautions or requirements shall be observed with 

respect to casting of Geopolymer mortar: 

a. For compression testing use only 4-inch x 8-inch cylinders (or the metric 

equivalent). 

b. For flexural strength testing use the dimensions shall be as specified by 

the manufacturer, but no smaller than 2” x 2” x 8” (or the metric 

equivalent). 
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c. Molding: Mold specimens promptly on a level, ridged surface, free of 

vibration and other disturbance, at a place as near as practical to the 

location where they are to be stored. 

d. Cylinders must be immediately capped with a water tight sealing cap 

provided with the molds.  Geopolymer mortar is a high strength 

cementitious material and proper procedures for handling of high 

strength materials detailed in ASTM C-39/C-39M shall be followed.  

Specifically, a neoprene cap of a minimum 60 Duro should be used. 

e. Beam molds should be tapped lightly with a rubber hammer for proper 

consolidation and screened of excess material.  Tap or tamp each side of 

the beam mold to ensure there are no voids and all entrapped air has 

escaped.

f. Storage: Immediately after molding the specimens they should be 

stored for a period of 24 to 48 hours in a protected area where the 

samples will not be disturbed. The temperature range should be 

maintained, and a high low temperature meter should be used to 

record temperature.

g. Cylinder Curing: Geopolymer mortar requires final cure be in a 90% 

Relative Humidity room.  SAMPLES MUST BE REMOVED AND DRIED FOR 

A MINIMUM OF 48 HOURS PRIOR TO TESTING (PREFERABLY WITH A 

DESECANT) FOR COMPRESSIVE SAMPLES.

h. Beam Curing: Beams should also be cured in at least a 90% Relative 

Humidity room.  Cured beam samples must be tested fully wet 

therefore, BEAMS MUST BE SUBMERGED AT LEAST 48 HOURS PRIOR TO 

TESTING AND TESTED IMMEDIATELY UPON REMOVING FROM TANK.  

The top side of casting should be inserted such that it is rotated 90 

degrees and is used as an edge side in the test as per guidelines. 

i. Identify the area of the break (middle third or not).  Measure weight of 

cured beam prior to testing and report.

4. The frequency of sample sets to be taken shall be determined as follows:

a. A minimum of one set of cylinder and beam samples shall be taken at 

the start of the project for the first fifty (50) linear feet of storm pipe 

section lined.

b. Then a minimum of one set of cylinder and bean samples shall be taken 

for every 12 cubic yards of installed material.

5. Contractor shall mark the sample with the date that the liner was installed, the 

date that the sample was removed, and the location within the pipe segment.

6. The City of Newark, at its own discretion, may request cores as necessary to 

ensure that the Work is provided in accordance with this specification.  The 

Contractor shall remove a set of core from the installed liner at established 

intervals.  The liner core sample shall be cored at three different clock positions, 

and average thicknesses measured shall be taken as the actual thickness of the 
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installed liner.  Work for cores shall be directed by the City and incidental to the 

unit item for which the work is being constructed under.

7. Contractor shall plug all voids caused by coring operation by the use of material 

equal to the in-place geopolymer with workmanship that ensures continuity to 

the lining with respect to water tightness, strength, and appearance. 

3.14 FINAL INSPECTION:  

A. A final visual inspection shall be made by the Inspector and Applicator, periodically 

throughout the progression of construction prior to the completion of a lining stage. 

Any deficiencies in the finished coating shall be marked and repaired by Applicator 

according to the procedures set forth herein.

B. At the completion of a lining stage of the pipe, and once all repairs have been made and 

accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the City by the Contractor in a format acceptable to the 

City. This inspection shall be performed by a color video inspection system. The finished 

Geopolymer shall be continuous over the entire length of all runs and be free of dry 

spots. No infiltration of groundwater shall be observed. All service entrances shall be 

accounted for and shall be unobstructed.

3.15 ACCEPTANCE:

A. Acceptance of the geopolymer liner shall be based on inspection and testing results.  

Any thickness less than the thickness required with the allowable variance shall not 

be accepted for any reason.

B. The completed liner shall be smooth and free from honeycomb and areas of 

segregation.

C. When geopolymer lacks uniformity, exhibits segregation, honeycombing, or 

laminations, or contains dry patches, slugs, voids or sand pockets the Contractor 

shall remove and replace the defective geopolymer.  The City of Newark’s 

concurrence in the extent of removal and replacement is required.

D. If the compressive strength or flexural strength of installed liner is less than 90% of 

the specified values, the product is considered unacceptable.  Contractor shall 

submit proposed method of repair or replacement for review and approved by the 

City of Newark.  Repair work required to remedy non-conforming work shall be at no 

additional cost to the City of Newark.

E. If it is determined that the geopolymer liner material did not match the submitted 

manufacturers claims, the product is considered unacceptable and non-conforming.  

Contractor shall submit proof that the geopolymer liner meets the requirements of 

the specification though the use of samples analyzed or retained at the 

manufacturing facility or submit a method of replacement of the liner for review and 

approval by the City of Newark.  Work required to remedy non-confirming work shall 

be at no additional cost to the City of Newark.

3.16 WARRANTY INSPECTION:
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A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 

12 months after the establishment of Final Acceptance, but not more than 18 

months afterwards. Any deficiencies in the finished coating shall be marked and 

repaired by the Applicator according to the procedures set forth herein.

B. At the completion of the Warranty Inspection, and once all repairs have been made 

and accepted, a video inspection DVD and log (1 copy of both) of the completed line 

segments shall be submitted to the Engineer by the Contractor in a format 

acceptable to the City of Newark. This inspection shall be performed by a color 

video inspection system. The finished Geopolymer shall be continuous over the 

entire length of all runs and be free of dry spots. No infiltration of groundwater shall 

be observed. All service entrances shall be accounted for and shall be unobstructed.  

All defects shall be repaired.
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	SECTION 01 00 00
	CURED IN PLACE PIPE (CIPP) STRUCTURAL LINING SYSTEM
	1.1 SUMMARY:
	1. Design of approved continuous protection liners to the internal surface of the host pipe.
	2. Pre-construction inspection, cleaning, and surface preparation of host pipe prior to application of protection lining system.
	3. Installation of approved continuous protection liners to the entire internal surface of the host pipe, manhole to manhole, manhole to structure, or structure to structure.  Partial liner installations, unless directed by the Owner, are not allowed.
	4. Quality Control Measures.
	5. Post-construction inspection, testing, and repairs.
	6. Warranty inspection, testing, and repairs.
	A. Work also includes preparatory work and operations necessary to mobilize and demobilize for the project.  Work includes:

	1. Mobilization and setting up operation on the project site with personnel, equipment, supplies, and accessory items.
	2. Scheduling details, coordination, and any other work and expense appropriate that is prior to start of work under other Contract pay items.
	3. Demobilization, of above items until the completion of project.
	B. Work also includes the following:

	1. Removal and disposal of debris.
	1.2 REFERENCES:  NOT USED
	1.3 DEFINITIONS:  NOT USED
	1.4 QUALITY ASSURANCE:
	A. Product Manufacturer: Company specializing in manufacturing quality CIPP liner products with minimum 5-years’ experience.  Company shall submit five (5) references for installation of proposed product within the last five (5) years.
	B. The Contractor and/or Subcontractor shall be able to demonstrate that they have successfully completed a minimum of 5,000 linear (LF) of CIPP lining rehabilitation.  The Contractor shall submit references meeting these requirements.  The references shall include size/diameter of pipe, length of installation; size of bypass pumping required for performing the work, name and telephone number of the owner and date of installation.
	C. Single Source Responsibility: Use only products approved by CIPP liner Manufacturer and use only within recommended limits.
	D. Testing: Structural rehabilitation products submitted for approval shall provide third party test results supporting the structural performance of the product and such data shall be satisfactory to the City of Newark.  No product will be approved without independent third-party testing verification.
	E. All requested documented experience must be based on the experience of the “Company” and not on the experience of an individual within the organization.
	F. The Contractor shall submit a certified statement from the manufacturer that he/she is a certified and/or licensed installer of the liner.
	G. Personnel Experience: Foreman shall have a minimum of three (3) years of continuous experience with the installation of CIPP.
	H. The City of Newark reserves the right to approve or disapprove the Contractor, based on the submitted qualifications.

	1.5 COORDINATION WITH OTHERS
	A. Contractor shall notify residents, businesses and all other authorities of project related roadway and traffic impacts.  The work shall be coordinated with these authorities on a daily basis to avoid any conflict.  Should the Contractor not perform notifications at least 48-hours in advance of their work, the City reserves the right to stop work until residents, businesses, etc. have had 48-hours notice of proposed work.
	B. Potable water is available at no cost to the Contractor at the City of Newark’s Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  Contractor shall not use any hydrants within the distribution system to obtain potable water.  All water shall come from the Municipal Maintenance Yard.

	1.6 SUBMITTALS
	A. General: Provide all submittals, including the following in accordance with the requirements contained in the General Requirements.
	B. This section lists items that shall be submitted at the time of bid:

	1. CIPP material and design submittals: In order to compare bid proposals, the Contractor shall submit the specific CIPP material proposed for the project with a material data sheet that shows it meets or exceeds all material properties in this specification.
	2. A preliminary design showing the proposed liner thickness for the project.  Preliminary designs do not need to be sealed by a professional engineer in the state of Delaware.  Once project is awarded, Contractor is responsible to submit signed and sealed final designs.
	C. All test reports, samples, minimum liner thickness calculations, and applicator qualifications shall be submitted to the City for review and approval prior to any field work taking place.
	D. Product Literature and Samples to be submitted prior to any field work:

	1. Submit representative samples and related product literature of materials being used, including names, material characteristics, and physical and structural properties, sources, and descriptions.  Include required substrate preparation, on-site quality assurance recommendations and a list of all materials to be used.
	2. Submit manufacturer’s recommendations for shipping, storage and handling of all components of the CIPP lining materials. Manufacturer’s recommended pressures, temperatures, and duration of curing shall also be submitted.
	3. Manufacturer’s standard size cured sample of showing the installed lining system to be expected in the finished Work.  Show the full thickness, or a typical thickness when underlayment requirements will vary, of system with all components in place.  The CIPP lining must be at full thickness.  Samples submittals will be reviewed for floor, texture, and pattern only.  Compliances with other requirements is the sole responsibility of the Contractor.
	4. Liner design sealed by a Professional Engineer licensed in the State of Delaware.
	E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and debris removal/disposal and coordination with the aforementioned required cleaning plans.  Employee safety, HASP adequacy and regulatory compliance are the sole responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, but neither will comment, approve or disapprove the plan.
	F. Before any field work by the Contactor, the Contractor shall submit the following to the City to review:

	1. Manufacturer-certified copies of all test reports on each product used, including ASTM test results indicating the product conforms to and is suitable for its intended use per these specifications material properties.
	G. Certificates: Submit certificates proving that personnel performing the work are qualified to the level required in these specifications.  List personnel by name with capabilities, projects, and duties performed on those projects.  Prove written certification of compliance with the ASTM standards cited in this specification.
	H. Detailed plan for weather monitoring during CIPP application and, when applicable, traffic control methods and inventory of the equipment proposed for this operation.
	I. The Contractor shall submit the following information the same day as the installation:

	1. Daily Activity Logs and Field measurements as stated herein.
	2. Daily confined space entry form for each manned entry made.  Contractor is responsible for confined space permitting.
	J. After cleaning and TV inspection by the Contractor of all proposed pipe and structures to be rehabilitated and before beginning lining any pipe or structure, the Contractor shall submit the following to the City for review:
	K. After rehabilitation of the pipe or structure, the Contractor shall submit the following to the City of Newark for record purposes:

	1.7 DELIVERY, STORAGE, AND HANDLING:
	A. Delivery: Deliver materials in original containers with seals unbroken and labels intact and free of moisture.  Do not use materials that have been exposed to moisture or if there is visible damage to the packaging.
	B. Receipt Process: All materials must be inspected upon receipt and properly documented as to the amount of material and the identification of the material by batch numbers.  Dates and times along with the shipping company delivering the material should be recorded for possible future reference.
	C. Storage: Contractor shall designate a specific space at the project site for storing and mixing materials. Protect this space and repair all damage resulting from use. Do not store kerosene nor gasoline in this space. Remove oily rags at the end of each day’s work.  Products are to be kept dry, protected from weather and stored under cover within the temperature ranges recommended by the manufacturer.  Products are to be stored and handled according to their MSDSs or appropriate classification.  Damaged or unsuitable products shall be promptly removed from the job site and shall be replaced with suitable materials.

	1.8 PROJECT CONDITIONS:
	A. Environmental Requirements: Contractor shall conform with all local, state and federal regulations including those set forth by OSHA and the EPA and any other applicable authorities. Confined space entry requirements shall be followed. Contractor is responsible for following all OSHA confined space regulations and for ensuring all workers are wearing the proper personal protective equipment (PPE) and monitoring equipment.
	B. Provide continuous ventilation and if necessary cooling and heating facilities to maintain surface and ambient temperatures before, during, and following application of finishes, within temperature range and for duration as directed by manufacturer.
	C. Protection: Provide sufficient shielding to fully protect adjacent finished work.
	D. Safety: Contractor shall consider the structure as a confined space.  The OSHA Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  Personnel must have the adequate training in confined space.  Personnel shall follow all OSHA regulations in terms of training, equipment, monitoring, personal protective equipment (PPE), and all other requirements.
	E. Weather: Contractor shall take weather into consideration when scheduling work.  Contractor is liable for any complications that arise from weather.

	1.9 CLEANING:
	A. It is the intent of this contract that the storm pipe, structures, and all other appurtenances be cleaned and inspected within the project limits as defined by these contract documents.  The Contractor is responsible for all procedures of accessing and cleaning as necessary to complete the work required prior to CIPP lining.
	B. The Contract Drawings provide details showing the access points for cleaning the structure and pipes.  It is the responsibility of the Contractor to include personnel on their team as necessary to successfully and safely conduct the work as shown on the contract drawings and to execute the planned work approach (means and methods).
	C. Cleaning procedures shall include the use of equipment adequate to clean and remove all debris that hinders CCTV and surface preparation prior to CIPP lining.  Debris may include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, metallic debris, cloth materials, leaves, organic material, rags, and other materials in the pipe and structures.
	D. The sediment and other settled materials have not been characterized in a laboratory.  The Contractor shall anticipate that sediment and other settle materials shall be of variable consistency ranging from runny, quick-sand type material to firm, clay-like to solid materials with any of the aforementioned debris interspersed in the sediment.

	1.10 DISPOSAL OF MATERIALS:
	A. All waste materials, including but not limited to extracted materials from the storm pipe and structures, excess construction materials, and other debris shall become the property of the Contractor.  In all cases, the Contractor shall collect and transport all materials of all kinds removed from the storm pipe and structures. The Contractor shall dispose of all such materials in accordance with the approved disposal plan at no additional cost to the City.  No additional payment will be made for separating materials as required by the approved disposal facility (i.e. separating trash from sediment) or disposing of materials separately.
	B. The Contractor shall prepare a Disposal Plan for review and approval by the City prior to performing any work that might generate waste materials.  The plan shall include a complete description of the materials that are expected to be encountered, dewatering procedures and their proposed disposal site(s).
	C. The Contractor shall be responsible for obtaining all Federal, State and Local permits related to the disposal operations and the Contractor shall comply with all requirements of those permits.

	1.11 QUALITY CONTROL:
	A. Quality Control, Sampling and Testing:

	1. Chemical Resistance – The CIPP shall meet the chemical resistance requirements of ASTM F1216, Appendix X2.  CIPP samples for testing shall be of tube and resin system similar to that proposed for actual construction.  It is required that CIPP samples with and without plastic coating meet these chemical-testing requirements.
	2. CIPP Field Samples – When requested by the Owner, the Contractor shall submit test results from field installations of the same resin system and tube materials as proposed for the actual installation.  These test results must verify that the CIPP physical properties specified herein have been achieved in previous field applications.  Samples for this project shall be made and tested as described in this specification.
	B. Daily Activity Logs:

	1. A Daily Activity Log will be filled out completely anytime a work crew is on site. This log includes listing the personnel present at the site, when they arrived and when they left the site.
	2. The operating conditions are also recorded. These measurements include the water addition rate taken at the meter tube, the retrieval speed of the retraction system and the pump motor speed recorded at the pump.
	3. Any special conditions are to be noted in the daily log.
	C. Equipment Calibration Reports:

	1. Equipment calibration reports are to be maintained at all times for inspection by the City’s staff.
	D. Final Inspection:

	1. Inspection of the lining products and materials may also be made by the City after delivery.  The lining products and materials shall be subject to rejection at any time on account of failure to meet any of the Specification requirements, even though samples may have been accepted as satisfactory at the place of manufacture.  Lining materials rejected after delivery shall be marked for identification and shall be removed from the job immediately.
	1.12 WARRANTY:
	A. Contractor shall warrant all work against defects in materials and workmanship for a period of two (2) years, unless otherwise noted, from the date of the Warranty Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the final acceptance of the project, but not more than 18 months afterwards.  Contractor shall, within a reasonable time after receipt of written notice thereof (but not more than 120 calendar days), repair or replace defects in materials or workmanship which may have developed since the date of Final Acceptance, and any damage to other work caused by such defects or the repairing of same, at his or her own expense and without cost to the City of Newark.
	B. The Contractor shall also warrant the City of Newark so that the materials used on this contract, where covered by patents or license agreements, are furnished in accordance with such agreements and that the prices included herein cover all applicable royalties and fees in accordance with such license agreements.  The contractor shall defend, indemnify and hold the City of Newark harmless from and against any and all costs, loss, damage or expense arising out of or in any way connected with any claim of infringement of patent, trademark or violation of license agreement.

	2.1 EXISTING PRODUCTS:
	A. Existing pipe will consist of corrugated metal.

	2.2 ACCEPTABLE MATERIALS:
	A. Tube:
	B. Resin:

	2.3 CIPP CHARACTERIZATION TECHNIQUES:  NOT USED
	2.4 CIPP DESIGN:
	C. The CIPP shall be designed as per ASTM F1216, Appendix X.1. The CIPP design shall assume no bonding to the original pipe wall.
	D. The Contractor must have performed long-term testing for flexural creep of the CIPP pipe material installed by his Company. Such testing results are to be used to determine the long-term, time dependent flexural modulus to be utilized in the product design. This is a performance test of the materials (Tube and Resin) and general workmanship of the installation and curing as defined within the relevant ASTM standard. A percentage of the instantaneous flexural modulus value (as measured by ASTM D790 testing) will be used in design calculations for external buckling. The percentage, or the long-term creep retention value utilized, will be verified by this testing. Retention values exceeding 50% of the short-term test results shall not be applied unless substantiated by qualified third party test data to the Owner’s satisfaction.  The materials utilized for the contracted project shall be of a quality equal to or better than the materials used in the longterm test with respect to the initial flexural modulus used in the CIPP design.
	E. The layers of the CIPP shall be uniformly bonded.  It shall not be possible to separate any two layers with a probe or point of a knife blade so that the layers separate cleanly or the probe or knife blade moves freely between the layers.  If the layers separate during field sample testing, new samples will be required to be obtained from the installed pipe.  Any reoccurrence may cause rejection of the work.
	F. The cured pipe material (CIPP) shall conform to the structural properties, as listed below.
	MINIMUM CIPP PHYSICAL PROPERTIES
	Property
	Test Method
	Min. per ASTM F1216
	Cured Polyester Composite Enhanced Resin
	Modulus of Elasticity
	ASTM D790
	250,000 psi
	400,000 psi
	Flexural Stress
	ASTM D790
	4,500 psi
	4,500 psi
	1.   Design Safety Factor                          = 2.0
	2.   Retention Factor for Long-Term Flexural Modulus to be used in Design    =  75%
	3.   Ovality* (calculated from (X1.1 of ASTM F1216)      =   2 %
	4.   Groundwater Depth (above invert of existing pipe)           = ______ft.
	5.   Soil Depth (above crown of existing pipe)                = ______ft.
	6.   Soil Modulus                           = 700 psi
	7.   Soil Density                   = 125  pcf
	8.   Live Load                    = HS20
	2.5 PHYSICAL PROPERTIES:  NOT USED
	2.6 CIPP APPLICATION EQUIPMENT:  NOT USED
	2.7 EQUIPMENT MAINTENANCE:
	A. All equipment shall be clean and in good working condition.
	B. Maintenance and service shall be performed on the equipment to Manufacturer’s standards.

	3.1 PRE-CONSTRUCTION INSPECTIONS:
	A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of pipes shall clean and CCTV inspect the pipe, in accordance with the Contract Documents, accurately measure the existing pipes, and verify that host pipe dimensions are as per the plans to verify the requirement of the liner installation.  Notify the City if conditions exist which will impact the installation.  If the CCTV inspection shows an obstruction that will interfere with the proper liner installation, the Contractor shall remove the obstruction of defect prior to initiating lining.  Debris, sediment, rocks, and trash are not considered obstructions and should be removed via cleaning, as required in these specifications.

	3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:
	A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or material that may be attached to the wall or bottom of the pipe.

	1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean and free all foreign material within the pipe.
	2. When grease and oil are present within the pipe, water may be heated to 200° F or an approved detergent shall be used integrally with the high-pressure cleaning water.
	3. All materials resulting from the cleaning of the pipe or structure shall be removed prior to application of the CIPP material and properly disposed of.  Cleaning, removing, and disposal of debris from pipes or structures, as shown on the plans, is considered incidental to CIPP lining.
	4. Cleaning equipment used shall include, but shall not be limited to, rodding machines, dragging machines, and high velocity pressure washers as best suited for the particular task.  Only equipment designed for cleaning of large diameter lines may be used.
	5. Dragging machine shall include appurtenances such as scrappers, squeegees, buckets, and porcupines.  Selection of any equipment shall be based on field conditions such as terrain, access to manholes, structures, type of debris, size of pipe, and the conditions of lines at the time the work commences.
	6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, trash, mud, wood, bricks, and other materials and obstructions from the storm pipes and structures.
	7. Backup equipment shall be available and capable of being delivered to the site within 24 hours.
	8. If the cleaning process reveals that the pipe invert, crown or sidewalls are deteriorated, measures will be taken to provide a continuous slope to the pipe, including the use of a flowable fill or class D concrete.
	9. If additional repair procedures must be undertaken by the Contractor to prepare the existing surface to the Manufacturers recommended condition prior to lining, the Contractor shall coordinate the repair with the Inspector for approval.  No additional payment will be made for additional surface preparation or repairs that are not shown on the plans.  All materials used shall be compatible with the CIPP lining system product.  All product data for all proposed products shall be submitted during the submittal process, prior to commencing work.
	3.3 ACCEPTABLE APPLICATORS:  NOT USED
	3.4 EXAMINATION:  NOT USED
	3.5 SEALING ACTIVE LEAKS:
	A. The work consists of hand applying a dry quick-setting cementitious mix, or pre-liner, for heavy leaks, or chemical grout designed to instantly stop running water or seepage in all types of pipes. The contractor shall apply an approved CIPP-compatible quick-setting mortar or chemical grout in accordance with Manufacturer’s recommendations.

	3.6 BYPASS PUMPING:
	A. Contractor is responsible for monitoring local weather prior to scheduling work.  The Contractor is responsible for any complications that arise from materials not curing due to surface runoff that may enter the system via manhole lids, inlets, infiltration or any other route.   The City will not be responsible for any added costs due to such issues.  Delays in contract time will not be acceptable due to rework caused by weather complications.

	3.7 MATERIAL REMOVAL AND DISPOSAL:
	A. Sediment will be of variable consistency and water content that will require different handling processes and will require different tools and equipment for safe handling and removal.  The Contractor shall be responsible for removing sediment regardless of consistency and water content.
	B. Under no circumstances shall any debris removed during these operations be dumped or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids resulting from the cleaning operations shall be removed from the site and disposed of by the Contractor in a legal and sanitary manner as approved by appropriate authorities at the Contractor’s cost.  All materials shall be removed from the site no less often that the end of each workday.  Material may be allowed to de-water overnight in the collection boxes.  Under no circumstances will the Contractor be allowed to accumulate debris, etc., on site of work beyond the stated time, except on totally enclosed containers and as acceptable to the City.  Materials removed from the pipes and structures during cleaning operation shall be drained free of water.  The Contractor shall dispose of this material as specified in the approved Disposal Plan.
	C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably free of odors and shall bear responsibility for the cleanup of any spill which occurs during the transport of cleaning and surface preparation by-products and the cleanup of any such material which is authorized by or pursuant to this contract and in accordance with the applicable law and regulations.  The Contractor shall immediately clean up any such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, the City of Newark shall have the right to clean up or arrange for its cleanup and shall charge the Contractor all costs, including administrative costs and overhead, incurred by the City of Newark in connection with such cleanup.  The City of Newark shall also charge to the Contractor any costs incurred or penalties imposed on the City of Newark by regulatory agencies as a result of any spill dump or discard.  Under no circumstances is this material to be discharged into the waterways or any place other than where authorized to do so by the appropriate authority.
	D. The general requirements for vehicles hauling such waste material are as follows: Transport vehicles must be of type(s) approved for this application by the political jurisdictions involved.  General requirements are that the vehicles are equipped and fitted with necessary seals or covers to prohibit material spillage or drainage, and that they are cleaned as often as is necessary to prevent deposit of material on roadways.  Vehicles must be loaded within legal weight limits and operated safely within all traffic speed regulations.
	E. The routes used by the Contractor for the conveyance of this material on a regular basis shall be subject to approval by the governing authority having jurisdiction over such routes.

	3.8 CONSTRUCTION METHODS:
	A. Prior to the installation of the liner, an installation plan must be submitted to and approved by the City of Newark.  This plan shall be submitted by the Contractor and approved by the Manufacturer prior to approval by the Department.  The plan shall include the following; the pipe liner material (tube and resin), tests and certifications of the material, liner design calculations stamped by a professional Engineer licensed in the state of Delaware, measurements of the host pipe, installer documentation, installation procedure, and associated drawings.
	B. The finished pipe liner shall be left extending beyond the end of the host pipe to create a mechanical lock to the abutting structure to assist holding the liner in place.
	C. CIPP installation shall be in accordance with ASTM F1216, ASTM F1743, or ASTM F2019 with the following modifications:
	1. Resin Impregnation - The quantity of resin used for tube impregnation shall be sufficient to fill the volume of air voids in the tube with additional allowances for polymerization shrinkage and the potential loss of resin during installation through cracks and irregularities in the original pipe wall, as applicable.
	2. Tube Insertion – The wet out tube shall be positioned in the pipeline using either inversion or a pull-in method as defined within relevant ASTM standards previously stipulated.  If pulled into place, a power winch or its equivalent should be utilized and care should be exercised not to damage the tube as a result of pull-in friction.  The tube should be pulled-in or inverted through an existing manhole or approved access point and fully extend to the next designated manhole or termination point
	D. Contractor shall follow manufacturer recommendations for monitoring temperatures during the cure cycle.
	E. Curing shall be accomplished by utilizing hot water under hydrostatic pressure, steam pressure, or ultra-violet light cured in accordance with the manufacturer’s recommended cure schedule.  A cool-down process shall be conducted that complies with the resin manufacturer’s specification.

	3.9 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES:
	A. All equipment used during the days/shifts operations shall be properly cleaned and stored.
	B. All hoses, fittings, pumps, mixers, spray head equipment, retraction equipment will be cleaned both inside and out.

	3.10 FINAL INSPECTION:
	A. A visual inspection of the CIPP shall be in accordance with ASTM F1743, Section 8.6
	B. At the completion of a lining stage of the pipe, and once all repairs have been made and accepted, a video inspection DVD and log (1 copy of both) of the completed line segments shall be submitted to the City by the Contractor in a format acceptable to the City. This inspection shall be performed by a color video inspection system. The finished CIPP Liner shall be continuous over the entire length of all runs and be free of dry spots. No infiltration of groundwater shall be observed. All service entrances shall be accounted for and shall be unobstructed.

	3.11 ACCEPTANCE:
	A. Acceptance of the CIPP lining system shall be based on inspection and testing results.  Any thickness less than the thickness required with the allowable variance shall not be accepted for any reason.
	B. CIPP samples shall be for each installation. Pipe physical properties will be tested in accordance with ASTM F1216, ASTM F1743, or ASTM F2019 using either method proposed. The flexural properties must meet or exceed the values in this specification, Table 1 of ASTM F1216 or the values submitted to the Owner/engineer by the contractor for this project’s CIPP wall design, whichever is greater.
	C. Wall thickness of samples shall be determined as described in paragraph 8.1.6 of ASTM F1743.  The minimum wall thickness at any point shall not be less than 87½% of the submitted minimum design wall thickness.

	3.12 WARRANTY INSPECTION:
	A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 12 months after the establishment of Final Acceptance, but not more than 18 months afterwards. Any deficiencies in the finished coating shall be marked and repaired by the Applicator according to the procedures set forth herein.
	B. At the completion of the Warranty Inspection, and once all repairs have been made and accepted, a video inspection DVD and log (1 copy of both) of the completed line segments shall be submitted to the Engineer by the Contractor in a format acceptable to the City of Newark. This inspection shall be performed by a color video inspection system.  All defects shall be repaired.
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	SECTION 02 00 00
	SHOTCRETE STRUCTURAL LINING SYSTEM
	1.1 SUMMARY:
	1. Design of approved shotcrete liner to the internal surface of the host pipe.
	2. Pre-construction inspection, cleaning, and surface preparation of host pipe prior to application of protection lining system.
	3. Installation of approved shotcrete liner to the entire internal surface of the host pipe, manhole to manhole, manhole to structure, or structure to structure.  Partial liner installations, unless directed by the Owner, are not allowed.
	4. Quality Control Measures.
	5. Post-construction inspection, testing, and repairs.
	6. Warranty inspection, testing, and repairs.
	A. Work also includes preparatory work and operations necessary to mobilize and demobilize for the project.  Work includes:

	1. Mobilization and setting up operation on the project site with personnel, equipment, supplies, and accessory items.
	2. Scheduling details, coordination, and any other work and expense appropriate that is prior to start of work under other Contract pay items.
	3. Demobilization, of above items until the completion of project.
	B. Work also includes the following:

	1. Removal and disposal of debris.
	1.2 REFERENCES:  NOT USED
	1.3 DEFINITIONS:
	A. Shotcrete: Sand or other approved aggregate material and cement mixed and applied in dry or wet application, and pneumatically projected at high velocity onto surface to be rehabilitated.
	B. Dry-Mix Shotcrete: Shotcrete with most of the water added at nozzle.
	C. Wet-Mix Shotcrete: Shotcrete with ingredients, including mixing water, mixed before introduction into delivery hose.

	1.4 QUALITY ASSURANCE:
	A. Product Manufacturer: Company specializing in manufacturing shotcrete materials with minimum 5-years’ experience.  Company shall submit five (5) references for installation of proposed product within the last five (5) years.
	B. The Contractor and/or Subcontractor shall be able to demonstrate that they have successfully completed a minimum of 5,000 linear (LF) of shotcrete rehabilitation.  The Contractor shall submit references meeting these requirements.  The references shall include size/diameter of pipe, length of installation; size of bypass pumping required for performing the work, name and telephone number of the owner and date of installation.
	C. Single Source Responsibility: Use only products approved by shotcrete liner manufacturer and use only within recommended limits.
	D. Testing: Test reports prepared by a qualified independent laboratory indicating compliance with the following performance requirements:

	1. ACI 301, Specifications for Structural Concrete
	2. ACI 506.2, Specifications for Shotcrete
	E. All requested documented experience must be based on the experience of the “Company” and not on the experience of an individual within the organization.
	F. The Contractor shall submit a certified statement from the manufacturer that he/she is a certified and/or licensed installer of the liner.
	G. Personnel Experience: Foreman shall have a minimum of three (3) years of continuous experience as well as an ASA Shotcrete Nozzleman certification.  Nozzle operators must all be ASA certified.
	H. The City of Newark reserves the right to approve or disapprove the Contractor, based on the submitted qualifications.

	1.5 COORDINATION WITH OTHERS:
	C. Contractor shall notify residents, businesses and all other authorities of project related roadway and traffic impacts.  The work shall be coordinated with these authorities on a daily basis to avoid any conflict.  Should the Contractor not perform notifications at least 48-hours in advance of their work, the City reserves the right to stop work until residents, businesses, etc have had 48-hours notice of proposed work.
	D. Potable water is available at no cost to the Contractor at the City of Newark’s Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  Contractor shall not use any hydrants within the distribution system to obtain potable water.  All water shall come from the Municipal Maintenance Yard.

	1.6 SUBMITTALS:
	A. General: Provide all submittals, including the following in accordance with the requirements contained in the General Requirements.
	B. This section lists items that shall be submitted at the time of bid:

	1. Shotcrete material and design submittals: In order to compare bid proposals, the Contractor shall submit the specific shotcrete material proposed for the project with a material data sheet that shows it meets or exceeds all material properties in this specification.
	2. A preliminary design showing the proposed liner thickness for the project.  Preliminary designs do not need to be sealed by a professional engineer in the state of Delaware.  Once project is awarded, Contractor is responsible to submit signed and sealed final designs.
	C. All test reports, samples, minimum liner thickness calculations, and applicator qualifications shall be submitted to the City for review and approval prior to any field work taking place.
	D. Product Literature and Samples to be submitted prior to any field work:

	1. Submit representative samples and related product literature of materials being used, including names, material characteristics, and physical and structural properties, sources, and descriptions.  Include required substrate preparation, on-site quality assurance recommendations and a list of all materials to be used.
	2. Submit manufacturer’s recommendations for shipping, storage and handling of all components of the shotcrete lining materials. Manufacturer’s recommended pressures, temperatures, and duration of curing shall also be submitted.
	3. Manufacturer’s standard size cured sample showing the installed lining system to be expected in the finished Work.  Show the full thickness, or a typical thickness when underlayment requirements will vary, of the system with all components in place.  The shotcrete lining must be at full thickness.  Samples submittals will be reviewed for floor, texture, and pattern only.  Compliances with other requirements is the sole responsibility of the Contractor.
	4. Liner design sealed by a Professional Engineer licensed in the State of Delaware.
	5. Design mixes for each shotcrete mix.
	6. Details of fabricating, bending, and placing reinforcement.  Include support and anchor details, number and location of splices, and special reinforcement required for openings through shotcrete structures.
	E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and debris removal/disposal and coordination with the aforementioned required cleaning plans.  Employee safety, HASP adequacy and regulatory compliance are the sole responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, but neither will comment, approve or disapprove the plan.
	F. Before any field work by the Contactor, the Contractor shall submit the following to the City to review:

	1. Manufacturer-certified copies of all test reports on each product used, including ASTM test results indicating the product conforms to and is suitable for its intended use per these specifications material properties.
	G. Certificates: Submit certificates proving that personnel performing the work are qualified to the level required in these specifications.  List personnel by name with capabilities, projects, and duties performed on those projects.  Prove written certification of compliance with the ASTM standards cited in this specification.
	H. Detailed plan for weather monitoring during shotcrete application and, when applicable, traffic control methods and inventory of the equipment proposed for this operation.
	I. The Contractor shall submit the following information the same day as the installation:

	1. Daily Activity Logs and Field measurements as stated herein.
	2. Daily confined space entry form for each manned entry made.  Contractor is responsible for confined space permitting.
	J. After cleaning and TV inspection by the Contractor of all proposed pipe and structures to be rehabilitated and before beginning lining any pipe or structure, the Contractor shall submit the following to the City for review:
	K. After rehabilitation of the pipe or structure, the Contractor shall submit the following to the City of Newark for record purposes:

	1. DVD and log (1 copy of both) of the Contractor’s TV inspection of the Completed Work in a format acceptable to the City.
	2. Test results of samples of shotcrete liner as specified in the contract documents.
	1.7 DELIVERY, STORAGE, AND HANDLING:
	A. Delivery: Deliver materials in original containers with seals unbroken and labels intact and free of moisture.  Do not use materials that have been exposed to moisture or if there is visible damage to the packaging.
	B. Receipt Process: All materials must be inspected upon receipt and properly documented as to the amount of material and the identification of the material by batch numbers.  Dates and times along with the shipping company delivering the material should be recorded for possible future reference.
	C. Storage: Contractor shall designate a specific space at the project site for storing and mixing materials. Protect this space and repair all damage resulting from use. Do not store kerosene nor gasoline in this space. Remove oily rags at the end of each day’s work.  Products are to be kept dry, protected from weather and stored under cover within the temperature ranges recommended by the manufacturer.  Products are to be stored and handled according to their MSDSs or appropriate classification.  Damaged or unsuitable products shall be promptly removed from the job site and shall be replaced with suitable materials.

	1.8 PROJECT CONDITIONS:
	A. Environmental Requirements: Contractor shall conform with all local, state and federal regulations including those set forth by OSHA and the EPA and any other applicable authorities. Confined space entry requirements shall be followed. Contractor is responsible for following all OSHA confined space regulations and for ensuring all workers are wearing the proper personal protective equipment (PPE) and monitoring equipment.
	B. Provide continuous ventilation and if necessary cooling and heating facilities to maintain surface and ambient temperatures before, during, and following application of finishes, within temperature range and for duration as directed by manufacturer.
	C. Protection: Provide sufficient shielding to fully protect adjacent finished work.
	D. Safety: Contractor shall consider the structure as a confined space.  The OSHA Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  Personnel must have the adequate training in confined space.  Personnel shall follow all OSHA regulations in terms of training, equipment, monitoring, personal protective equipment (PPE), and all other requirements.
	E. Cold – Weather Shotcreting: Protect shotcrete work from physical damage or reduced strength caused by frost, freezing, or low temperatures according to ACI 306.1 and as follows:

	1. Discontinue shotcreting when ambient temperature is 40 deg. F and falling. Uniformly heat water and pre-packaged materials before mixing to obtain a shotcrete shooting temperature of not less than 50 deg. F and not more than 90 deg. F.
	2. Do not use frozen materials containing ice or snow.
	3. Do not place shotcrete on frozen surfaces or surfaces containing frozen materials.
	4. Do not use calcium chloride, salt, or other materials containing antifreeze agents.
	F. Hot-Weather Shotcreting: Mix, place, and protect shotcrete according to ACI 506R when hot weather conditions and high temperatures would seriously impair quality and strength of shotcrete, and as follows:

	1.9 CLEANING:
	A. It is the intent of this contract that the storm pipe, structures, and all other appurtenances be cleaned and inspected within the project limits as defined by these contract documents.  The Contractor is responsible for all procedures of accessing and, cleaning as necessary to complete the work required prior to shotcrete lining.
	B. The Contract Drawings provide details showing the access points for cleaning the structure and pipes.  It is the responsibility of the Contractor to include personnel on their team as necessary to successfully and safely conduct the work as shown on the contract drawings and to execute the planned work approach (means and methods).
	C. Cleaning procedures shall include the use of equipment adequate to clean and remove all debris that hinders CCTV and surface preparation prior to shotcrete lining.  Debris may include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, metallic debris, cloth materials, leaves, organic material, rags, and other materials in the pipe and structures.
	D. The sediment and other settled materials have not been characterized in a laboratory.  The Contractor shall anticipate that sediment and other settle materials shall be of variable consistency ranging from runny, quick-sand type material to firm, clay-like to solid materials with any of the aforementioned debris interspersed in the sediment.

	1.10 DISPOSAL OF MATERIALS:
	A. All waste materials, including but not limited to extracted materials from the storm pipe and structures, excess construction materials, and other debris shall become the property of the Contractor.  In all cases, the Contractor shall collect and transport all materials of all kinds removed from the storm pipe and structures. The Contractor shall dispose of all such materials in accordance with the approved disposal plan at no additional cost to the City.  No additional payment will be made for separating materials as required by the approved disposal facility (i.e. separating trash from sediment) or disposing of materials separately.
	B. The Contractor shall prepare a Disposal Plan for review and approval by the City prior to performing any work that might generate waste materials.  The plan shall include a complete description of the materials that are expected to be encountered, dewatering procedures and their proposed disposal site(s).
	C. The Contractor shall be responsible for obtaining all Federal, State and Local permits related to the disposal operations and the Contractor shall comply with all requirements of those permits.

	1.11 QUALITY CONTROL:
	A. Daily Activity Logs:

	1. A Daily Activity Log will be filled out completely anytime a work crew is on site. This log includes listing the personnel present at the site, when they arrived and when they left the site.
	2. The operating conditions are also recorded. These measurements include the water addition rate taken at the meter tube, the retrieval speed of the retraction system and the pump motor speed recorded at the pump.
	3. Any special conditions are to be noted in the daily log.
	B. Equipment Calibration Reports:

	1. Equipment calibration reports are to be maintained at all times for inspection by the City’s staff.
	D. Final Inspection:

	1. Inspection of the lining products and materials may also be made by the City after delivery.  The lining products and materials shall be subject to rejection at any time on account of failure to meet any of the Specification requirements, even though samples may have been accepted as satisfactory at the place of manufacture.  Lining materials rejected after delivery shall be marked for identification and shall be removed from the job immediately.
	1.12 WARRANTY:
	A. Contractor shall warrant all work against defects in materials and workmanship for a period of two (2) years, unless otherwise noted, from the date of the Warranty Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the final acceptance of the project, but not more than 18 months afterwards.  Contractor shall, within a reasonable time after receipt of written notice thereof (but not more than 120 calendar days), repair or replace defects in materials or workmanship which may have developed since the date of Final Acceptance, and any damage to other work caused by such defects or the repairing of same, at his or her own expense and without cost to the City of Newark.
	B. The Contractor shall also warrant the City of Newark so that the materials used on this contract, where covered by patents or license agreements, are furnished in accordance with such agreements and that the prices included herein cover all applicable royalties and fees in accordance with such license agreements.  The contractor shall defend, indemnify and hold the City of Newark harmless from and against any and all costs, loss, damage or expense arising out of or in any way connected with any claim of infringement of patent, trademark or violation of license agreement.

	2.1 EXISTING PRODUCTS:
	A. Existing pipe will consist of corrugated metal.

	2.2 ACCEPTABLE MATERIALS:
	A.          Cement:

	1. Portland conforming to ASTM C150, Type I/II.
	A. Form Materials:
	B. Reinforcement:

	2.3 SHOTCRETE CHARACTERIZATION TECHNIQUES:  NOT USED
	2.4 SHOTCRETE DESIGN:
	A. Structural Requirements
	2.5 PHYSICAL PROPERTIES:  NOT USED
	2.6 SHOTCRETE LINER APPLICATION EQUIPMENT:
	A. Mixing Equipment:  Capable of thoroughly mixing shotcrete materials in sufficient quantities to maintain continuous placement.
	B. Dry-Mix Delivery Equipment: Capable of discharging aggregate-cement mixture into delivery hose under close control and maintaining continuous stream of uniformly mixed materials at required velocity to discharge nozzle. Equip discharge nozzle with manually operated water-injection system for directing even distribution of water to aggregate-cement mixture.
	C. Wet-Mix Delivery Equipment:  Capable of discharging aggregate-cement-water mixture accurately, uniformly, and continuously.

	2.7 EQUIPMENT MAINTENANCE:
	A. All equipment shall be clean and in good working condition.
	B. Maintenance and service shall be performed on the equipment to Manufacturer’s standards.

	3.1 PRE-CONSTRUCTION INSPECTIONS:
	A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of pipes shall clean and CCTV inspect the pipe, in accordance with the Contract Documents, accurately measure the existing pipes, and verify that host pipe dimensions are as per the plans to verify the requirement of the liner installation.  Notify the City if conditions exist which will impact the installation.  If the CCTV inspection shows an obstruction that will interfere with the proper liner installation, the Contractor shall remove the obstruction of defect prior to initiating lining.  Debris, sediment, rocks, and trash are not considered obstructions and should be removed via cleaning, as required in these specifications.

	3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:
	A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or material that may be attached to the wall or bottom of the pipe.

	1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean and free all foreign material within the pipe.
	2. When grease and oil are present within the pipe, water may be heated to 200° F or an approved detergent shall be used integrally with the high-pressure cleaning water.
	3. All materials resulting from the cleaning of the pipe or structure shall be removed prior to application of the shotcrete material and properly disposed of.  Cleaning, removing, and disposal of debris from pipes or structures, as shown on the plans, is considered incidental to shotcrete lining.
	4. Cleaning equipment used shall include, but shall not be limited to, rodding machines, dragging machines, and high velocity pressure washers as best suited for the particular task.  Only equipment designed for cleaning of large diameter lines may be used.
	5. Dragging machine shall include appurtenances such as scrappers, squeegees, buckets, and porcupines.  Selection of any equipment shall be based on field conditions such as terrain, access to manholes, structures, type of debris, size of pipe, and the conditions of lines at the time the work commences.
	6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, trash, mud, wood, bricks, and other materials and obstructions from the storm pipes and structures.
	7. Backup equipment shall be available and capable of being delivered to the site within 24 hours.
	8. The newly prepared surface shall be thoroughly moistened with water prior to application of shotcrete. In no instance shall shotcrete be applied in an area where there is free running water.
	3.3 ACCEPTABLE APPLICATORS:  NOT USED
	3.4 EXAMINATION:  NOT USED
	3.5 SEALING ACTIVE LEAKS:
	A. The work consists of hand applying a dry quick-setting cementitious mix or, for heavy leaks, chemical grout designed to instantly stop running water or seepage in all types of pipes. The contractor shall apply an approved shotcrete-compatible quick-setting mortar or chemical grout in accordance with Manufacturer’s recommendations.

	3.6 FORMS:
	3.7 STEEL REINFORCEMENT:
	3.8 APPLICATION:
	A. Apply temporary protective coverings and protect adjacent surfaces against deposit of rebound and overspray or impact from nozzle stream.
	B. Moisten substrate immediately before placing shotcrete.
	C. Apply shotcrete according to ACI 506.2.
	D. Apply dry-mix shotcrete materials within 45 minutes after pre-dampening and wet mix shotcrete materials within 90 minutes after batching.
	E. Deposit shotcrete continuously in multiple passes, to required thickness, without cold joints and laminations developing. Place shotcrete with nozzle held perpendicular to receiving surface. Begin shotcreting in corners and recesses.
	F. Maintain reinforcement in position during shotcreting. Place shotcrete to completely encase reinforcement and other embedded items. Maintain steel reinforcement free of overspray and prevent buildup against front face during shotcreting.
	G. Do not place subsequent lifts until previous lift of shotcrete is capable of supporting new shotcrete.
	H. Do not permit shotcrete to sag, slough, or dislodge.
	I. Remove hardened overspray, rebound, and laitance from shotcrete surfaces to receive additional layers of shotcrete; dampen surfaces before shotcreting.
	J. Do not disturb shotcrete surfaces before beginning finishing operations.
	K. Remove ground wires or other alignment control devices after shotcrete placement.
	L. Installation Tolerances:  Place shotcrete without exceeding installation tolerances permitted by ACI 117R, increased by a factor of 2.

	3.9 JOINTS:
	A. Construction joints or day’s work joints shall be sloped off to a thin, clean, regular edge preferably at a 45-degree slope. Before placing the adjoining work, the slope portion of adjacent shotcrete shall be thoroughly cleaned as necessary, then moistened and scoured with an air jet.

	3.10 SURFACE FINISH:
	A. Contractor shall bring the shotcrete to an even plane and well-formed corners.
	B. After the shotcrete has been placed to the depth required, the surface shall be checked with a straightedge or template. Low spots shall be brought up to grade by placing additional shotcrete.
	C. The entire surface shall then receive a brush finish parallel to the direction of flow.

	3.11 CURING:
	A. Protect freshly placed shotcrete from premature drying and excessive cold or hot temperatures.
	B. Start initial curing as soon as free water has disappeared from shotcrete surface after placing and finishing.
	C. Cure shotcrete by one of the following methods:
	D. Cure formed shotcrete surfaces by moist curing with forms in place for full curing period or until forms are removed. If forms are removed, continue curing by methods specified above, as applicable.

	3.12 FORM REMOVAL:
	A. Forms not supporting weight of shotcrete may be removed after curing at not less than 50 deg. F for 24 consecutive hours after gunning, provided shotcrete is hard enough not to be damaged by form-removal operations and provided curing and protecting operations are maintained.
	B. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, delaminated, or otherwise damaged form facing materials are unacceptable for exposed surfaces. Apply new form coating compound as specified for new formwork.

	3.13 REPAIRS:
	A. Remove and replace shotcrete that is delaminated or exhibits laminations, voids, or sand/rock pockets exceeding limits for specified core grade of shotcrete.
	B. Repair core holes from in-place testing according to repair provisions in ACI 301 and match adjacent finish, texture, and color.

	3.14 TESTING:
	A. The testing laboratory shall be independent of the Owner, Engineer and Contractor; the testing laboratory, in addition to meeting requirements of ASTM C-1077 and ASTM E-329, must be an approved laboratory competent to perform concrete physical testing. All tests must be performed in strict accordance with the applicable ASTM standard.
	B. Within 24 hours of results of tests, copies of the results shall be submitted to the Architect, Contractor and the supplier if applicable.
	C. Shotcrete Testing: Wet shotcrete test cylinders (3”x6”) shall be cast prior to pumping. Dry shotcrete test panels (16”x16”x6”) shall be made and then 3” cores should be taken from the panel. Six cylinders or six cores shall be prepared for every 12 cubic yards of shotcrete placed and tested for air content (ASTM C 173 or ASTM C 231) and compressive strength (ACI 506.2 and ASTM C 42).
	D. Shotcrete Temperature: ASTM C 1064; 1 test hourly when air temperature is 40 deg. F and below and when 80 deg. F and above, and 1 test for each set of compressive-strength specimens.
	E. In-Place Shotcrete: If the cylinders or cores taken previously do not meet minimum testing requirements, in-place coring and testing will be necessary. Take a set of 6 unreinforced cores for each mix and for each workday or for every 12 cubic yards of shotcrete placed; whichever is less. Test cores for compressive strength according to ACI 506.2 and ASTM C 42.  Do not cut steel reinforcement.
	F. Strength of shotcrete will be considered satisfactory when mean compressive strength of each set of 3 unreinforced cores equals or exceeds 85 percent of specified compressive strength, with no individual core less than 75 percent of specified compressive strength.

	3.15 BYPASS PUMPING:
	A. Contractor is responsible for monitoring local weather prior to scheduling work.  The Contractor is responsible for any complications that arise from materials not curing due to surface runoff that may enter the system via manhole lids, inlets, infiltration or any other route.   The City will not be responsible for any added costs due to such issues.  Delays in contract time will not be acceptable due to rework caused by weather complications.

	1. If the cleaning process reveals that the pipe invert, crown or sidewalls are deteriorated, measures will be taken to provide a continuous slope to the pipe, including the use of a flowable fill or class D concrete.
	2. If additional repair procedures must be undertaken by the Contractor to prepare the existing surface to the Manufacturers recommended condition prior to lining, the Contractor shall coordinate the repair with the Inspector for approval.  No additional payment will be made for additional surface preparation or repairs that are not shown on the plans.  All materials used shall be compatible with the shotcrete lining system product.  All product data for all proposed products shall be submitted during the submittal process, prior to commencing work.
	3.16 MATERIAL REMOVAL AND DISPOSAL:
	A. Sediment will be of variable consistency and water content that will require different handling processes and will require different tools and equipment for safe handling and removal.  The Contractor shall be responsible for removing sediment regardless of consistency and water content.
	B. Under no circumstances shall any debris removed during these operations be dumped or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids resulting from the cleaning operations shall be removed from the site and disposed of by the Contractor in a legal and sanitary manner as approved by appropriate authorities at the Contractor’s cost.  All materials shall be removed from the site no less often that the end of each workday.  Material may be allowed to de-water overnight in the collection boxes.  Under no circumstances will the Contractor be allowed to accumulate debris, etc., on site of work beyond the stated time, except on totally enclosed containers and as acceptable to the City.  Materials removed from the pipes and structures during cleaning operation shall be drained free of water.  The Contractor shall dispose of this material as specified in the approved Disposal Plan.
	C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably free of odors and shall bear responsibility for the cleanup of any spill which occurs during the transport of cleaning and surface preparation by-products and the cleanup of any such material which is authorized by or pursuant to this contract and in accordance with the applicable law and regulations.  The Contractor shall immediately clean up any such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, the City of Newark shall have the right to clean up or arrange for its cleanup and shall charge the Contractor all costs, including administrative costs and overhead, incurred by the City of Newark in connection with such cleanup.  The City of Newark shall also charge to the Contractor any costs incurred or penalties imposed on the City of Newark by regulatory agencies as a result of any spill dump or discard.  Under no circumstances is this material to be discharged into the waterways or any place other than where authorized to do so by the appropriate authority.
	D. The general requirements for vehicles hauling such waste material are as follows: Transport vehicles must be of type(s) approved for this application by the political jurisdictions involved.  General requirements are that the vehicles are equipped and fitted with necessary seals or covers to prohibit material spillage or drainage, and that they are cleaned as often as is necessary to prevent deposit of material on roadways.  Vehicles must be loaded within legal weight limits and operated safely within all traffic speed regulations.
	E. The routes used by the Contractor for the conveyance of this material on a regular basis shall be subject to approval by the governing authority having jurisdiction over such routes.

	3.17 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES:
	A. All equipment used during the days/shifts operations shall be properly cleaned and stored.
	B. All hoses, fittings, pumps, mixers, spray head equipment, and retraction equipment will be cleaned both inside and out.

	3.18 FINAL INSPECTION:
	A. At the completion of a lining stage of the pipe, and once all repairs have been made and  accepted, a video inspection DVD and log (1 copy of both) of the completed line  segments shall be submitted to the City by the Contractor in a format acceptable to the  City. This inspection shall be performed by a color video inspection system. The finished  shotcrete liner shall be continuous over the entire length of all runs and be free of dry  spots. No infiltration of groundwater shall be observed. All service entrances shall be  accounted for and shall be unobstructed.
	3.19 ACCEPTANCE:
	A. When shotcrete lacks uniformity, exhibits segregation, honeycombing, or laminations, or contains dry patches, slugs, voids or sand pockets the Contractor shall remove and replace the defective shotcrete.  The City of Newark's concurrence in the extent of removal and replacement is required.
	B. Prior to starting significant removal and replacement work the Contractor shall obtain The City of Newark's approval of their plan for making the repair. Such approval shall not be considered a waiver of The City of Newark’s right to require complete removal of defective work if the completed repair does not produce shotcrete of the required quality and appearance.
	C. Repair work shall be performed only when The City of Newark is present.
	D. Repair shall be made with shotcrete conforming to this specification. When removal of defective shotcrete is required, reinforcement damaged or destroyed shall be replaced prior to replacement of the shotcrete. At the edges of removed sections the sound shotcrete shall be carefully trimmed to the extent required to expose sufficient reinforcement for effecting competent splices. The sound shotcrete at the edges of removed sections shall be trimmed to a slope of approximately 45 degrees with the surface of the work and shall be thoroughly moistened prior to placement of the new shotcrete.
	E. Portions of the work having thickness less than those specified may be repaired by the placement of additional layers of shotcrete, provided that such repair is expressly approved by The City of Newark.
	F. Surfaces of the work to which additional shotcrete is to be applied shall be prepared as required by this specification.
	G. Curing as specified in this specification shall be applied to repaired areas immediately after the repairs are completed.
	H. Contractor is responsible for providing internal inspection after the repairs are made, and submit video documentation to The City of Newark, in accordance with the Contract Documents.

	3.20 WARRANTY INSPECTION:
	A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 12 months after the establishment of Final Acceptance, but not more than 18 months afterwards. Any deficiencies in the finished coating shall be marked and repaired by the Applicator according to the procedures set forth herein.
	B. At the completion of the Warranty Inspection, and once all repairs have been made and accepted, a video inspection DVD and log (1 copy of both) of the completed line segments shall be submitted to the Engineer by the Contractor in a format acceptable to the City of Newark. This inspection shall be performed by a color video inspection system.  All defects shall be repaired.
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	SECTION 03 00 00
	GEOPOLYMER STRUCTURAL LINING SYSTEM
	1.1 SUMMARY:
	A. This specification covers work, materials and equipment required for the preparation and installation of a Geopolymer Lining System providing a minimum 50-year design life for internal protection and structural rehabilitation. This is accomplished by using an approved structural, monolithic spray-application of a high-build, geopolymer liner system with corrosion protection.   The protection lining works shall include all activities associated with the protection lining system, not limited to the following:

	1. Design of approved continuous protection liners to the internal surface of the host pipe.
	2. Pre-construction inspection, cleaning, and surface preparation of host pipe prior to application of protection lining system.
	3. Installation of approved continuous protection liners to the entire internal surface of the host pipe, manhole to manhole, manhole to structure, or structure to structure.  Partial liner installations, unless directed by the Owner, are not allowed.
	4. Quality Control Measures.
	5. Post-construction inspection, testing, and repairs.
	6. Warranty inspection, testing, and repairs.
	B. Work also includes preparatory work and operations necessary to mobilize and demobilize for the project.  Work includes:

	1. Mobilization and setting up operation on the project site with personnel, equipment, supplies, and accessory items.
	2. Scheduling details, coordination, and any other work and expense appropriate that is prior to start of work under other Contract pay items.
	3. Demobilization, of above items until the completion of project.
	C. Work also includes the following:

	1. Removal and disposal of debris.
	1.2 REFERENCES:
	A. Applicable ASTM and ACI Standards and Specifications
	Unless revised herein, the Contractor shall follow the latest revision of the practices and standards of the following American Society for Testing and Materials (ASTM) Standards, and the American Concrete Institute (ACI) Standards, which are made part of this specification:

	1. American Society for Testing and Materials (ASTM):
	2. American Concrete Institute (ACI)
	1.3 DEFINITIONS:
	A. Geopolymer:  A high strength and ultra-low porosity material formed by alkali activation of aluminosilicate powder (e.g. typically materials with high percentages of silica and alumina).
	B. Rebound:  Aggregate and cement paste, which ricochets off the surface during the application of shotcrete due to collision with the surface, reinforcement, or with the aggregate particles themselves.
	C. Cement:  Cement, unless otherwise specified, includes Portland Cement, Geopolymer Cement, and Geopolymer Mortar.
	D. Fiber Reinforced Mortar:  Any Cement Mortar reinforced with fibers to give the mortar higher strength or performance characteristics.
	E. Flowable Fill: Flowable fill shall be a controlled low-strength material consisting of fluid mixture of cement, fly ash, aggregate, water and with admixtures as necessary to provide workable properties.
	F. Abandonment: Abandonment of existing non-functional infrastructure(s) includes but not be limited to pipelines, manholes, concrete or masonry structures, laterals, connecting pipes, as shown on the Contract Drawings.

	1.4 QUALITY ASSURANCE:
	A. Product Manufacturer: Company specializing in manufacturing quality Geopolymer liner products with minimum 5-years’ experience.  Company shall submit five (5) references for installation of proposed product within the last five (5) years.
	B. Applicator: Company specializing in Geopolymer liner products shall be pre-approved in the application of spray on lining systems.  Applicator shall initiate and enforce quality control procedures consistent with applicable ASTM, ACI, and SSPC (Society for Protective Coatings) standards and the Geopolymer liner Manufacturer’s recommendations.  The Contractor and/or Subcontractor shall be able to demonstrate that they have successfully completed a minimum of 5,000 linear (LF) of spray on mortar lining rehabilitation.  The Contractor shall submit references meeting these requirements.  The references shall include size/diameter of pipe, length of installation; size of bypass pumping required for performing the work, name and telephone number of the owner and date of installation.
	C. Single Source Responsibility: Use only products approved by Geopolymer liner Manufacturer and use only within recommended limits.
	D. Testing: Structural rehabilitation products submitted for approval shall provide third party test results supporting the structural performance of the product and such data shall be satisfactory to the City of Newark.  No product will be approved without independent third-party testing verification.
	E. All requested documented experience must be based on the experience of the “Company” and not on the experience of an individual within the organization.
	F. The Contractor shall submit a certified statement from the manufacturer that he/she is a certified and/or licensed installer of the liner.
	G. Personnel Experience: Foreman shall have a minimum of three (3) years of continuous experience including 1000 hours as a spin cast machine operator and 500 hours as a nozzle operator.  Nozzle operators shall have a minimum of 500 hours experience as a nozzle operator for construction within sewer and stormwater systems.
	H. The City of Newark reserves the right to approve or disapprove the Contractor, based on the submitted qualifications.

	1.5 COORDINATION WITH OTHERS:
	C. Contractor shall notify residents, businesses and all other authorities of project related roadway and traffic impacts.  The work shall be coordinated with these authorities on a daily basis to avoid any conflict.  Should the Contractor not perform notifications at least 48-hours in advance of their work, the City reserves the right to stop work until residents, businesses, etc have had 48-hours notice of proposed work.
	D. Potable water is available at no cost to the Contractor at the City of Newark’s Municipal Maintenance Yard located at 406 Phillips Avenue, Newark DE  19711.  Contractor shall not use any hydrants within the distribution system to obtain potable water.  All water shall come from the Municipal Maintenance Yard.

	1.6 SUBMITTALS:
	A. General: Provide all submittals, including the following in accordance with the requirements contained in the General Requirements.
	B. This section lists items that shall be submitted at the time of bid:

	1. Geopolymer material and design submittals: In order to compare bid proposals, the Contractor shall submit the specific geopolymer material proposed for the project with a material data sheet that shows it meets or exceeds all material properties in this specification.
	2. Third party XRF testing in accordance with Section 2.3A. showing the geopolymer meets the properties specified.
	3. A preliminary design showing the proposed liner thickness for the project.  Preliminary designs do not need to be sealed by a professional engineer in the state of Delaware.  Once project is awarded, Contractor is responsible to submit signed and sealed final designs.
	C. All test reports, samples, minimum liner thickness calculations, and applicator qualifications shall be submitted to the City for review and approval prior to any field work taking place.
	D. Product Literature and Samples to be submitted prior to any field work:

	1. Submit representative samples and related product literature of materials being used, including names, material characteristics, and physical and structural properties, sources, and descriptions.  Include required substrate preparation, on-site quality assurance recommendations and a list of all materials to be used.
	2. Submit manufacturer’s recommendations for shipping, storage and handling of all components of the geopolymer lining materials. Manufacturer’s recommended pressures, temperatures, and duration of curing shall also be submitted.
	3. Manufacturer’s standard size cured sample showing the installed lining system to be expected in the finished Work.  Show the full thickness, or a typical thickness when underlayment requirements will vary, of the system with all components in place.  The geopolymer lining must be at full thickness.  Samples submittals will be reviewed for floor, texture, and pattern only.  Compliances with other requirements is the sole responsibility of the Contractor.
	4. Liner design sealed by a Professional Engineer licensed in the State of Delaware.
	5. Contractor shall submit literature for project materials including, but not limited to:
	a. Geopolymer Liner
	b. Flowable fill
	c. Trash Rack
	d. Concrete
	e. Welded Wire Fabric
	f. Wire Mesh
	g. Carbon Fiber Wrap
	h. Rebar
	i. Pipe Supports
	j. Hydraulic Cement
	k. Chemical Grout
	l. Manufactured Plug
	m. List of all cleaning, inspection, safety, access plans, and traffic control equipment.
	E. Health and Safety Plan (HASP) specific for all aspects of the cleaning operations and debris removal/disposal and coordination with the aforementioned required cleaning plans.  Employee safety, HASP adequacy and regulatory compliance are the sole responsibility of the Contractor.  The City will confirm that the Contractor’s HASP exists, but neither will comment, approve or disapprove the plan.
	F. Before any field work by the Contactor, the Contractor shall submit the following to the City to review:

	1. Manufacturer-certified copies of all test reports on each product used, including ASTM test results indicating the product conforms to and is suitable for its intended use per these specifications material properties.
	2. Test reports shall be performed at the Contractor’s expense and shall be carried out by an approved laboratory or by a reputable independent testing body meeting the requirements of ASTM E 329 and the requirements for an ACI Certified Field Testing Technician, Level I.
	3. Geopolymer manufacturer’s product data and ins
	G. Certificates: Submit certificates proving that personnel performing the work are qualified to the level required in these specifications.  List personnel by name with capabilities, projects, and duties performed on those projects.  Prove written certification of compliance with the ASTM standards cited in this specification.
	H. Detailed plan for weather monitoring during geopolymer application and, when applicable, traffic control methods and inventory of the equipment proposed for this operation.
	I. The Contractor shall submit the following information the same day as the installation:

	1. Daily Activity Logs and Field measurements as stated herein.
	2. Daily confined space entry form for each manned entry made.  Contractor is responsible for confined space permitting.
	J. After cleaning and TV inspection by the Contractor of all proposed pipe and structures to be rehabilitated and before beginning lining any pipe or structure, the Contractor shall submit the following to the City for review:
	K. After rehabilitation of the pipe or structure, the Contractor shall submit the following to the City of Newark for record purposes:

	1.7 DELIVERY, STORAGE, AND HANDLING:
	A. Delivery: Deliver materials in original containers with seals unbroken and labels intact and free of moisture.  Do not use materials that have been exposed to moisture or if there is visible damage to the packaging.
	B. Receipt Process: All materials must be inspected upon receipt and properly documented as to the amount of material and the identification of the material by batch numbers.  Dates and times along with the shipping company delivering the material should be recorded for possible future reference.
	C. Storage: Contractor shall designate a specific space at the project site for storing and mixing materials. Protect this space and repair all damage resulting from use. Do not store kerosene nor gasoline in this space. Remove oily rags at the end of each day’s work.  Products are to be kept dry, protected from weather and stored under cover within the temperature ranges recommended by the manufacturer.  Products are to be stored and handled according to their MSDSs or appropriate classification.  Damaged or unsuitable products shall be promptly removed from the job site and shall be replaced with suitable materials.

	1.8 PROJECT CONDITIONS:
	A. Environmental Requirements: Applicator shall conform with all local, state and federal regulations including those set forth by OSHA and the EPA and any other applicable authorities.  Confined space entry requirements shall be followed.  Contractor is responsible for following all OSHA confined space regulations and for ensuring all workers are wearing the proper personal protective equipment (PPE) and monitoring equipment.
	B. Maintain the temperature inside the pipe at not less than 1.00º C (34º F) and no more than 38.00º C (100º F), or as otherwise directed by manufacturer, during application and finishing.
	C. Provide continuous ventilation and if necessary cooling and heating facilities to maintain surface and ambient temperatures before, during, and following application of finishes, within temperature range and for duration as directed by manufacturer.
	D. Protection: Provide sufficient shielding to fully protect adjacent finished work.
	E. Safety: Contractor shall consider the structure as a confined space.  The OSHA Regulation Document, CFR 29, Part 1910.146 considers storm pipes confined spaces.  Personnel must have the adequate training in confined space.  Personnel shall follow all OSHA regulations in terms of training, equipment, monitoring, personal protective equipment (PPE), and all other requirements.
	F. Weather: Contractor shall take weather into consideration when scheduling work.  Contractor is liable for any complications that arise from weather.

	1.9 CLEANING:
	A. It is the intent of this contract that the storm pipe, structures, and all other appurtenances be cleaned and inspected within the project limits as defined by these contract documents.  The Contractor is responsible for all procedures of accessing and cleaning as necessary to complete the work required prior to geopolymer lining.
	B. The Contract Drawings provide details showing the access points for cleaning the structure and pipes.  It is the responsibility of the Contractor to include personnel on their team as necessary to successfully and safely conduct the work as shown on the contract drawings and to execute the planned work approach (means and methods).
	C. Cleaning procedures shall include the use of equipment adequate to clean and remove all debris that hinders CCTV and surface preparation prior to geopolymer lining.  Debris may include, but is not limited to roots, trash, gravel, silt, clay, bottles, wood, rocks, metallic debris, cloth materials, leaves, organic material, rags, and other materials in the pipe and structures.
	D. The sediment and other settled materials have not been characterized in a laboratory.  The Contractor shall anticipate that sediment and other settle materials shall be of variable consistency ranging from runny, quick-sand type material to firm, clay-like to solid materials with any of the aforementioned debris interspersed in the sediment.

	1.10 DISPOSAL OF MATERIALS:
	A. All waste materials, including but not limited to extracted materials from the storm pipe and structures, excess construction materials, and other debris shall become the property of the Contractor.  In all cases, the Contractor shall collect and transport all materials of all kinds removed from the storm pipe and structures. The Contractor shall dispose of all such materials in accordance with the approved disposal plan at no additional cost to the City.  No additional payment will be made for separating materials as required by the approved disposal facility (i.e. separating trash from sediment) or disposing of materials separately.
	B. The Contractor shall prepare a Disposal Plan for review and approval by the City prior to performing any work that might generate waste materials.  The plan shall include a complete description of the materials that are expected to be encountered, dewatering procedures and their proposed disposal site(s).
	C. The Contractor shall be responsible for obtaining all Federal, State and Local permits related to the disposal operations and the Contractor shall comply with all requirements of those permits.

	1.11 QUALITY CONTROL:
	A. Quality Control, Sampling and Testing:

	1. Testing Agency: Provide testing agency for material testing.  Agency to meet requirements of ASTM E 329.
	2. Regulatory Requirements: Perform all work relating to geopolymer liner in accordance with ACI-350.  The applicable code for construction lining shall conform to the latest edition of the ACI 350 Environmental Structures, Liner designs submitted for review shall bear the seal of a Professional Engineer licensed in the State of Delaware.
	3. Preconstruction Testing: Prepare specimens for examination on the first day of construction.
	a. The proposed nozzle operators are to provide demonstration and proficiency in creating the test panels in the presence of the City of Newark.
	b. Fabricate test specimens, in the presence of City of Newark, using
	the equipment, materials, and mix proportions proposed for the project.  Fabricate one specimen for each shooting position to be encountered (i.e. overhead, vertical and horizontal run sections).  Job-moist cure the test specimens in the same manner as the work.  Where practical, cure specimens in the storm pipe environment.
	4. For compressive strength and flexural strength testing see section 3.12.
	5. During application, Applicator shall regularly perform and record Geopolymer lining thickness readings with a method approved by manufacturer.  Applicator shall submit all documentation on thickness readings to the Inspector on a daily basis when coating application occurs.
	B. Daily Activity Logs:

	1. A Daily Activity Log will be filled out completely anytime a work crew is on site. This log includes listing the personnel present at the site, when they arrived and when they left the site.
	2. Important spray data includes the times material was applied and under which atmospheric conditions. The ambient air temperature, the dry powder temperature, the mixing water temperature, and the temperature inside the pipe are all recorded on the daily activity report.
	3. The operating conditions are also recorded. These measurements include the water addition rate taken at the meter tube, the retrieval speed of the retraction system and the pump motor speed recorded at the pump.
	4. Any special conditions are to be noted in the daily log.
	C. Equipment Calibration Reports:

	1. Equipment calibration reports are to be maintained at all times for inspection by the City’s staff.
	D. Final Inspection:

	1. Inspection of the lining products and materials may also be made by the City after delivery.  The lining products and materials shall be subject to rejection at any time on account of failure to meet any of the Specification requirements, even though samples may have been accepted as satisfactory at the place of manufacture.  Lining materials rejected after delivery shall be marked for identification and shall be removed from the job immediately.
	1.12 WARRANTY:
	A. Contractor shall warrant all work against defects in materials and workmanship for a period of two (2) years, unless otherwise noted, from the date of the Warranty Inspection.  The Warranty Inspection shall occur at least twelve (12) months after the final acceptance of the project, but not more than 18 months afterwards.  Contractor shall, within a reasonable time after receipt of written notice thereof (but not more than 120 calendar days), repair or replace defects in materials or workmanship which may have developed since the date of Final Acceptance, and any damage to other work caused by such defects or the repairing of same, at his or her own expense and without cost to the City of Newark.
	B. The Contractor shall also warrant the City of Newark so that the materials used on this contract, where covered by patents or license agreements, are furnished in accordance with such agreements and that the prices included herein cover all applicable royalties and fees in accordance with such license agreements.  The contractor shall defend, indemnify and hold the City of Newark harmless from and against any and all costs, loss, damage or expense arising out of or in any way connected with any claim of infringement of patent, trademark or violation of license agreement.

	2.1 EXISTING PRODUCTS:
	A. Existing pipe will consist of corrugated metal.

	2.2 ACCEPTABLE MATERIALS:
	A. Considered Geopolymer liner products shall be a micro-fiber reinforced ultra-dense Geopolymer.  This material shall provide a high strength fiber reinforced mortar specifically designed for ease of mechanical pumping, spraying and spin casting. The Geopolymer liner shall not clog spinner heads or spray equipment.
	B. The Geopolymer liner shall be designed to produce a liner with improved compressive and flexural strength, high adhesion to damp surfaces, lower permeability and increased resistance to aggressive chemical attack as compared to Portland Cement based shotcrete systems.
	C. The fiber reinforced formula shall be engineered to improve hydraulic abrasion resistance, provide dimensional stability and protect against penetration by substances such as fats, oils, gases and chloride ions as compared to Portland Cement based shotcrete systems.
	D. Acceptable geopolymer materials include GeoSpray by Milliken Infrastructure Solutions, Inc, Geokrete by Quadex or approved equal.
	E. Additional materials including chemical grouts and hydraulic cements may be necessary to stop infiltration and create a proper surface profile for the geopolymer lining to be applied to.  All materials must be compatible with the geopolymer lining material.  Contractor shall submit the additional materials and a written letter from the manufacturer stating the material/s are compatible with the geopolymer system.  This shall be submitted during the submittal process for approval prior to any application of materials.
	F. Additional materials including flowable fill or materials consisting of rapid setting cements, NSG aggregates, and various accelerating agents may be required to fill voids in the pipe and/or structures, including the invert.  Filling voids in the pipe and/or structures, including the invert, may be required to create the proper surface profile prior to geopolymer lining.  Contractor shall submit the additional materials and a written letter from the manufacturer stating the material/s are compatible with the geopolymer system.  This shall be submitted during the submittal process for approval prior to any application of materials.
	G. Flowable Fill:

	1. Cement: ASTM C150 Type I or II.  Provide minimum cement content of 50 pounds per cubic yard.
	2. Fly Ash: ASTM C618, Class C or F.  Provide minimum fly ash content of 200 pounds per cubic yard.
	3. Aggregate Gradation: 100 percent passing 3/8-inch sieve and not more than 10 percent passing No. 200 sieve.
	4. Aggregate: Screened or crushed aggregate, pit or bank run fine gravels or sand.
	5. Admixtures: Meeting ASTM C494 and ASTM C107 as needed to improve pumpability, to control time of set and to reduce bleeding.
	6. Placement Characteristics: Self-leveling.
	7. Shrinkage Characteristics: Non-Shrink.
	8. Fludifier: Meeting ASTM C937 as necessary to hold solid constituents in suspension.  Add shrinkage compensator if necessary.
	9. Unconfined Compression Strength: Minimum 75 psi and maximum 150 psi at 56 days.
	10. Minimum Wet Density: 90 pounds per cubic foot.
	H. Welded Wire Fabric

	1. Welded wire fabric or wire mesh shall conform to ASTM A-185.
	2. Wire mesh shall be 4x4-W1.4xW1.4 galvanized welded wire fabric.
	2.3 GEOPOLYMER CHARACTERIZATION TECHNIQUES:
	A. A process to determine that a product is a geopolymer shall include oxide composition and phase composition.

	1. Minimum 70% of raw material shall be Pozzolanic material composed of SiO2, MgO, Al2O3, and Fe2O3.
	2. The geopolymer precursor shall be confirmed by X-ray fluorescence (XRF) analysis.
	2.4 GEOPOLYMER PIPE DESIGN:
	H. The Contractor shall submit liner thickness calculations to the Engineer for review.  Calculations shall substantiate sufficient liner thickness to achieve desired 50-year design life and meet the minimum design requirements listed in Table 1 below. These calculations must be verified, approved, and sealed by a registered Professional Engineer in the State of Delaware.
	I. The Contractor shall submit his or her proposal based upon the appropriate length, size, design life and host pipe/structure parameters designated in the Proposal Section.
	J. The final invert throughout the entire structure shall be in a manner that pooling, or ponding does not occur.  If pooling or ponding is discovered in the Final inspection or Warranty inspection, the Contractor shall repair at no additional cost to the City.  All pipes shall have a minimum thickness of 2”.
	K. Overall the hydraulic cross-section shall be maintained as large as possible.  The geopolymer liner shall have a minimum of the full flow capacity of the original pipe before rehabilitation.  Calculated capacities may be derived using a commonly accepted roughness coefficient for the existing pipe material taking into consideration its age and condition.
	2.5 PHYSICAL PROPERTIES:
	A. The finished pipe must be such that once the Geopolymer liner sets, the total wall thickness will be homogeneous and monolithic.
	B. The Geopolymer liner material shall conform to the minimum requirements demonstrated in the following ASTM Standards as presented in Table 1 below:

	2.6 GEOPOLYMER LINER APPLICATION EQUIPMENT:
	A. Manufacturer approved equipment shall be used in the application of the specified Geopolymer lining.
	B. Major equipment components consist of a generator, an air compressor, a high-pressure washer (3,500 psi minimum), a high shear mixer, a high output pump, a gyroscopic high-speed spin cast delivery assembly, an electronic retraction system capable of +/- 5% repeatability, and high-pressure hoses and couplings.
	C. Application equipment shall include a high shear mixer and high output swing tube pump. In addition, the application equipment will have safety sensors that monitor specific operation parameters. This system ensures proper water to material ratios and material consistencies.
	D. Application equipment shall have visible display for the rate of water addition. This will ensure water/material ratios are known and controlled. Water/material ratio must be maintained per Manufacturer’s recommendations.
	E. Application equipment shall measure the back pressure on the discharge side of the pump. The change in pressure will alert the operator to any potential changes in flow rates. Backpressures must not exceed the system providers recommendations at all times.
	F. Spinner head shall be attached to a gyroscopic mechanism to layer the materials. The gyroscopic mechanism can adjust the spinner head pattern and frequency. The multiple layering process allows more uniform application of the product and achieves higher thickness levels in a single pass.
	G. Retraction system shall be capable of pulling the sled assembly with no more than +/-5% tolerance.  The tolerance shall be verified on a daily basis, prior to product application, and recorded in the daily log.
	H. Retraction system shall have a visible display that monitors the controlled rate of retraction. The rate of retraction and the volume of material discharged is necessary to calculate the thickness of the applied materials.
	I. The rate of retraction, material application volume, dry material usage and length of pipe covered shall be monitored and recorded on a daily basis. This is critical to measure the thickness of material applied.

	2.7 EQUIPMENT MAINTENANCE:
	A. All equipment shall be clean and in good working condition.
	B. Maintenance and service shall be performed on the equipment to Manufacturer’s standards.
	C. Inspect the dry material hopper in the mixer to ensure that there is no blockage or debris in the dry material feed point. Remove any debris prior to feeding dry powder.
	D. Inspect the pre-mix chamber to ensure it that there is no blockage or debris. Remove any debris prior to mixing.
	E. Inspect the mixing chamber to ensure there is no blockage on debris. Remove any debris or dry materials prior to application.
	F. Inspect the rotor/stator pump to ensure there is no debris or blockage in the pump. Remove any debris prior to application.
	G. Spare parts or extra equipment shall be kept on site to ensure rapid redeployment in the event of equipment failure.

	3.1 PRE-CONSTRUCTION INSPECTIONS:
	A. Prior to lining, the Contractor’s experienced personnel trained in the inspection of pipes shall clean and CCTV inspect the pipe, in accordance with the Contract Documents, accurately measure the existing pipes, and verify that host pipe dimensions are as per the plans to verify the requirement of the liner installation.  Notify the City if conditions exist which will impact the installation.  If the CCTV inspection shows an obstruction that will interfere with the proper liner installation, the Contractor shall remove the obstruction of defect prior to initiating lining.  Debris, sediment, rocks, and trash are not considered obstructions and should be removed via cleaning, as required in these specifications.

	3.2 SURFACE PREPARATION AND PRE-LINING REPAIRS:
	A. The floor and interior walls of the pipe shall be thoroughly cleaned and made free of all foreign materials including dirt, grit, roots, grease, sludge, rocks, trash, and all debris or material that may be attached to the wall or bottom of the pipe.

	1. High pressure water blasting with a minimum of 3,500 psi shall be used to clean and free all foreign material within the pipe.
	2. When grease and oil are present within the pipe, water may be heated to 200° F or an approved detergent shall be used integrally with the high-pressure cleaning water.
	3. All materials resulting from the cleaning of the pipe or structure shall be removed prior to application of the Geopolymer material and properly disposed of.  Cleaning, removing, and disposal of debris from pipes or structures, as shown on the plans, is considered incidental to geopolymer lining.
	4. Cleaning equipment used shall include, but shall not be limited to, rodding machines, dragging machines, and high velocity pressure washers as best suited for the particular task.  Only equipment designed for cleaning of large diameter lines may be used.
	5. Dragging machine shall include appurtenances such as scrappers, squeegees, buckets, and porcupines.  Selection of any equipment shall be based on field conditions such as terrain, access to manholes, structures, type of debris, size of pipe, and the conditions of lines at the time the work commences.
	6. The cleaning equipment shall be capable of removing dirt, rocks, sand, stones, trash, mud, wood, bricks, and other materials and obstructions from the storm pipes and structures.
	7. Backup equipment shall be available and capable of being delivered to the site within 24 hours.
	8. If the cleaning process reveals that the pipe invert, crown or sidewalls are deteriorated, measures will be taken to provide a continuous slope to the pipe, including the use of a flowable fill or class D concrete.
	9. If additional repair procedures must be undertaken by the Contractor to prepare the existing surface to the Manufacturers recommended condition prior to lining, the Contractor shall coordinate the repair with the Inspector for approval.  No additional payment will be made for additional surface preparation or repairs that are not shown on the plans.  All materials used shall be compatible with the geopolymer lining system product.  All product data for all proposed products shall be submitted during the submittal process, prior to commencing work.
	10. Steel reinforcement may be required prior to geopolymer lining. Metal accessories, including all spacers, ties, fasteners, and other devises shall be provided for properly spacing, placing, and supporting the reinforcement.
	11. All incoming pipes shall be temporarily plugged, as to not allow overspray. Flow from these pipes do not need to be maintained, but the Contractor is responsible for preventing any overflows relating to plugging during the lining applications.  Any bypass pumping used to prevent overflows is the Contractor’s responsibility.  No payment will be made for bypass pumping and the City is not responsible for any complications that arise from overflows or bypass pumping operations.
	3.3 ACCEPTABLE APPLICATORS:
	A. Geopolymer liner must be applied by a Certified Applicator of the Geopolymer lining Manufacturer, as discussed further in Section 1.5, and according to Manufacturer specifications.
	B. Format and Submission of Process Control Sheets and Procedures Checklist:

	1. Process Control Sheet and Procedure Checklist for all work shall be prepared prior to commencement of the work.  These sheets shall be used to ensure that the work is carried out and audited at multi-levels according to standard steps and procedures in the Process Control sheets and Procedures Checklist.
	2. A Process Control Sheet shall be prepared for each shift/application at each location.  The Process Control Sheet shall contain the following information at minimum:
	1) Quantity, weight of components, batch number of all coating materials used
	2) Mixing temperature and time

	3.4 EXAMINATION:
	A. Applicator shall verify that surfaces and substrate conditions are ready to receive work as instructed by the product Manufacturer.
	B. Applicator shall examine surfaces scheduled to be finished prior to commencement of work. Report to City any condition that may potentially affect proper application.
	C. Appropriate actions shall be taken to comply with regulatory and other applicable agencies with regard to environment, health and safety.
	D. Any active flows shall be dammed, plugged or bypassed as required to ensure that the conveyed flow is maintained below the surfaces to be coated.   Flows should be totally plugged and/or diverted when coating the invert and during required dry/cure periods.  All extraneous flows into the pipe at or above the area coated shall be plugged and/or diverted until the Geopolymer liner has set per Manufacturer recommendations.
	E. Installation of the Geopolymer liner shall not commence until the host pipe has been properly cleaned and repaired in accordance with these specifications and Geopolymer liner Manufacturer recommendations.  All internal debris, including but not limited to sediment, gravel, stones, trash, water, etc, shall be removed from the structure and disposed of via current environmental regulations.  Prior to and during application, care should be taken to avoid exposure of direct sunlight or other intense heat source to the pipe being coated.

	3.5 SEALING ACTIVE LEAKS:
	A. The work consists of hand applying a dry quick-setting cementitious mix or, for heavy leaks, chemical grout designed to instantly stop running water or seepage in all types of pipes. The contractor shall apply an approved geopolymer-compatible quick-setting mortar or chemical grout in accordance with Manufacturer’s recommendations.

	3.6 BYPASS PUMPING:
	A. Contractor is responsible for monitoring local weather prior to scheduling work.  The Contractor is responsible for any complications that arise from materials not curing due to surface runoff that may enter the system via manhole lids, inlets, infiltration or any other route.   The City will not be responsible for any added costs due to such issues.  Delays in contract time will not be acceptable due to rework caused by weather complications.

	3.7 MATERIAL REMOVAL AND DISPOSAL:
	A. Sediment will be of variable consistency and water content that will require different handling processes and will require different tools and equipment for safe handling and removal.  The Contractor shall be responsible for removing sediment regardless of consistency and water content.
	B. Under no circumstances shall any debris removed during these operations be dumped or spilled onto streets, ditches, storm drains, or sanitary sewers.  All solids or semisolids resulting from the cleaning operations shall be removed from the site and disposed of by the Contractor in a legal and sanitary manner as approved by appropriate authorities at the Contractor’s cost.  All materials shall be removed from the site no less often that the end of each workday.  Material may be allowed to de-water overnight in the collection boxes.  Under no circumstances will the Contractor be allowed to accumulate debris, etc., on site of work beyond the stated time, except on totally enclosed containers and as acceptable to the City.  Materials removed from the pipes and structures during cleaning operation shall be drained free of water.  The Contractor shall dispose of this material as specified in the approved Disposal Plan.
	C. Contractor shall keep the haul route and work area(s) neat and clean and reasonably free of odors and shall bear responsibility for the cleanup of any spill which occurs during the transport of cleaning and surface preparation by-products and the cleanup of any such material which is authorized by or pursuant to this contract and in accordance with the applicable law and regulations.  The Contractor shall immediately clean up any such spill or waste.  If the Contractor fails to clean up such spill or waste immediately, the City of Newark shall have the right to clean up or arrange for its cleanup and shall charge the Contractor all costs, including administrative costs and overhead, incurred by the City of Newark in connection with such cleanup.  The City of Newark shall also charge to the Contractor any costs incurred or penalties imposed on the City of Newark by regulatory agencies as a result of any spill dump or discard.  Under no circumstances is this material to be discharged into the waterways or any place other than where authorized to do so by the appropriate authority.
	D. The general requirements for vehicles hauling such waste material are as follows: Transport vehicles must be of type(s) approved for this application by the political jurisdictions involved.  General requirements are that the vehicles are equipped and fitted with necessary seals or covers to prohibit material spillage or drainage, and that they are cleaned as often as is necessary to prevent deposit of material on roadways.  Vehicles must be loaded within legal weight limits and operated safely within all traffic speed regulations.
	E. The routes used by the Contractor for the conveyance of this material on a regular basis shall be subject to approval by the governing authority having jurisdiction over such routes.

	3.8 MIXING OF THE GEOPOLYMER LINING MATERIAL:
	A. Contractor shall mix the Geopolymer material to the Manufacturer’s recommended water/cement ratio. Precision metering of water in mixer is required to maintain the strict water to material ratio. The ability to closely adjust and monitor the addition of water through the use of a water meter is required.
	B. Mixing water temperatures must be determined before blending operations begin. The mixing water temperature must be recorded in the process control sheet at multiple times throughout the day during the installation process. Water temperatures should be maintained at all times to within the limits required by the system supplier or Manufacturer. The ability to provide mixing water at a consistent temperature is a critical aspect of the mixing and installation process.
	C. The lining material shall be mixed in a high shear mixer, or similar, to ensure thorough and uniform mix of water with the material prior to pumping.
	D. The mixing operations must be performed so that the minimum of dust is released into the surrounding environment.
	E. The batch style mixing, precise metering of water and pump rate eliminates wet/dry and thick/thin variations resulting in a uniform structure regardless of the pumping distance.
	F. Multiple spin cast nozzles should be onsite at all times to address any application issues or failure of the nozzle.  Multiple nozzles may be required to produce the required depth or finish of the liner surface.

	3.9 APPLICATION OF GEOPOLYMER LINING MATERIAL IN A PIPE:
	A. The necessary equipment and application methods to apply the liner materials shall be approved by the material Manufacturer prior to commencing lining.  Lining may include spin-casting, hand spraying or hand troweling.
	B. The Geopolymer lining material delivery hose shall be coupled to a medium-velocity spray application nozzle which is capable of bidirectional operation.
	C. Pumping of the material shall commence and the material shall be spin cast onto the pipe surface.  Hand spraying may be required at certain locations where spin casting is not possible.  The Contractor is responsible for determining where each spray method is applicable and planning their methods accordingly.  No additional payment will be made for alternate spraying methods.
	D. A gyroscopic head that has a speed adjustment for making multiple position changes per minute is required. The gyroscopic head allows the spin cast mechanism and the associated selected nozzle to make multiple passes on the pipe wall in a single pass of the sled assembly.
	E. Spraying of a pipe shall be performed by starting at the pipe end-project location (Lower level) and progressing towards the entrance of the pipe (Higher level).
	F. At the beginning of each application segment the retraction system should be calibrated.
	G. The measured rate observed and recorded must be within 5% of the expected speed and can be verified by this process.
	H. Geopolymer liner shall be applied to a specified uniform minimum thickness as instructed by the professional engineer registered in the State of Delaware.  The uniform minimum thickness shall be based on meeting the required minimum design criteria, as listed in the specification.  The applied minimum thickness will not deviate from the approved minimum design thickness submitted during the submittal process.
	I. The Geopolymer delivery hose shall be coupled to a gyroscopic applicator device. The gyroscopic applicator shall then be positioned within the center, or positioned higher inside the pipe, as required by the diameter of the pipe.
	J. As the material begins to be gyroscopically cast evenly around the interior of the cavity, the rotating applicator head shall produce a uniform material thickness to the repair surface.
	K. Controlled multiple passes shall then be made, if necessary, until the specified minimum finished thickness is attained. If the procedure is interrupted for any reason, the operator shall arrest the longitudinal transition of the applicator head until flows are recommenced.
	L. Material thickness may be verified at any point with an approved depth gauge. If additional material is required at any level, the gyroscopic applicator head shall be placed at the location and application shall recommence until that area meets the required thickness.
	M. The lining material shall be applied to a damp surface, with no free water.
	N. The medium-velocity spray nozzle and the gyroscopic spin casting head may be used in conjunction to facilitate uniform application of the material to irregularities in the contour of the pipe walls.
	O. The City of Newark may specify certain pipe spans where the liner will be troweled following the spray application. Initial troweling shall be in an upward motion, to compress the material and solidify the pipe wall.  This will not exceed 10% of the total linear feet in the project and will be done at no additional cost.
	P. The Contractor shall not place geopolymer if drying or stiffening of the mix takes place at any time prior to delivery to the nozzle.
	Q. The Contractor shall remove all overspray or rebound prior to final set.

	3.10 CURING OF THE GEOPOLYMER LINING MATERIAL:
	A. The Manufacturer’s recommended cure schedule in the curing of Geopolymer liners must be strictly adhered to at all times. The Contractor must provide evidence of such adherence via the Process Control Sheet.
	B. Proper steps shall be taken to ensure the material is cured in a moist and moderate climate as directed by the Manufacturer. General underground conditions are usually adequate to meet this curing requirement. However, when situations of dry and/or hot conditions are present, the use of a wind barrier and fogging spray may be required.
	C. Refer to ACI 305R-99 for Hot Weather Concreting and ACI 306R-88 for Cold Weather Concreting.

	3.11 TERMINATION AND SEALING AT MANHOLES, INLETS AND SHAFTS:
	A. Termination of the Geopolymer liner at the end of a pipe, manhole or structure shall be completed by hand applying the liner to the outer surface of the pipe or into the interior of the manhole or structure. Similarly, laterals and pipe connections shall be completed by hand applying the liner to the outer surface of the connection to the pipe and smoothly tapering it into the lateral or connecting pipe.

	3.12 END OF SHIFT EQUIPMENT CLEAN UP PROCEDURES:
	A. All equipment used during the days/shifts operations shall be properly cleaned and stored.
	B. All hoses, fittings, pumps, mixers, spray head equipment, and retraction equipment will be cleaned both inside and out.
	C. All mixed Geopolymer materials shall be captured and disposed of properly.

	3.13 FIELD MEASUREMENTS, SAMPLE AND TESTING:
	A. Contractor shall perform the following minimum tests or measurements:
	1. Water addition rate, pump motor speed controller setting and pump distance.
	2. Calculated geopolymer density.
	3. Compressive strength.
	4. Flexural strength per ASTM C78.
	5. Humidity within the pipe.
	6. Temperature:
	a. Batch water.
	b. Geopolymer dry powder before mixing.
	c. Ambient temperature within the pipe.
	d. Surface temperature of the pipe.
	e. Ambient temperature at point of mixing.
	f. Temperature of sampled material.
	B. Contractor shall be responsible for third party testing of the strength of the placed geopolymer according to the follow.3ing:
	1. The geopolymer liner material shall be collected at the mixer, immediately before discharge into the pump, or at the end of the hose near the discharge point in accordance with ASTM C39 for cylinder sample or ASTM C 78 for beam samples. ACI grade 1 certified technician shall be used to obtain the sample.
	2. A set of six (6) test cylinder specimens and nine (9) beam samples shall be taken at random by the ACI certified test laboratory for compressive strength test and flexural strength test.  Test two cylinders and three beams at seven days, three cylinders and three beams at twenty-eight days, and, if the twenty-eight-day test does not meet the specification, one (1) cylinder and one (1) beam at 56 days or as directed.
	3. ASTM C-31 shall be consulted prior to casting samples of Geopolymer mortar in the field.  In addition to the procedures outlined in ASTM C-31, the following additional procedures, precautions or requirements shall be observed with respect to casting of Geopolymer mortar:
	a. For compression testing use only 4-inch x 8-inch cylinders (or the metric equivalent).
	b. For flexural strength testing use the dimensions shall be as specified by the manufacturer, but no smaller than 2” x 2” x 8” (or the metric equivalent).
	c. Molding: Mold specimens promptly on a level, ridged surface, free of vibration and other disturbance, at a place as near as practical to the location where they are to be stored.
	d. Cylinders must be immediately capped with a water tight sealing cap provided with the molds.  Geopolymer mortar is a high strength cementitious material and proper procedures for handling of high strength materials detailed in ASTM C-39/C-39M shall be followed.  Specifically, a neoprene cap of a minimum 60 Duro should be used.
	e. Beam molds should be tapped lightly with a rubber hammer for proper consolidation and screened of excess material.  Tap or tamp each side of the beam mold to ensure there are no voids and all entrapped air has escaped.
	f. Storage: Immediately after molding the specimens they should be stored for a period of 24 to 48 hours in a protected area where the samples will not be disturbed. The temperature range should be maintained, and a high low temperature meter should be used to record temperature.
	g. Cylinder Curing: Geopolymer mortar requires final cure be in a 90% Relative Humidity room.  SAMPLES MUST BE REMOVED AND DRIED FOR A MINIMUM OF 48 HOURS PRIOR TO TESTING (PREFERABLY WITH A DESECANT) FOR COMPRESSIVE SAMPLES.
	h. Beam Curing: Beams should also be cured in at least a 90% Relative Humidity room.  Cured beam samples must be tested fully wet therefore, BEAMS MUST BE SUBMERGED AT LEAST 48 HOURS PRIOR TO TESTING AND TESTED IMMEDIATELY UPON REMOVING FROM TANK.  The top side of casting should be inserted such that it is rotated 90 degrees and is used as an edge side in the test as per guidelines.
	i. Identify the area of the break (middle third or not).  Measure weight of cured beam prior to testing and report.
	4. The frequency of sample sets to be taken shall be determined as follows:
	a. A minimum of one set of cylinder and beam samples shall be taken at the start of the project for the first fifty (50) linear feet of storm pipe section lined.
	b. Then a minimum of one set of cylinder and bean samples shall be taken for every 12 cubic yards of installed material.
	5. Contractor shall mark the sample with the date that the liner was installed, the date that the sample was removed, and the location within the pipe segment.
	6. The City of Newark, at its own discretion, may request cores as necessary to ensure that the Work is provided in accordance with this specification.  The Contractor shall remove a set of core from the installed liner at established intervals.  The liner core sample shall be cored at three different clock positions, and average thicknesses measured shall be taken as the actual thickness of the installed liner.  Work for cores shall be directed by the City and incidental to the unit item for which the work is being constructed under.
	7. Contractor shall plug all voids caused by coring operation by the use of material equal to the in-place geopolymer with workmanship that ensures continuity to the lining with respect to water tightness, strength, and appearance.
	3.14 FINAL INSPECTION:
	A. A final visual inspection shall be made by the Inspector and Applicator, periodically throughout the progression of construction prior to the completion of a lining stage. Any deficiencies in the finished coating shall be marked and repaired by Applicator according to the procedures set forth herein.
	B. At the completion of a lining stage of the pipe, and once all repairs have been made and accepted, a video inspection DVD and log (1 copy of both) of the completed line segments shall be submitted to the City by the Contractor in a format acceptable to the City. This inspection shall be performed by a color video inspection system. The finished Geopolymer shall be continuous over the entire length of all runs and be free of dry spots. No infiltration of groundwater shall be observed. All service entrances shall be accounted for and shall be unobstructed.

	3.15 ACCEPTANCE:
	A. Acceptance of the geopolymer liner shall be based on inspection and testing results.  Any thickness less than the thickness required with the allowable variance shall not be accepted for any reason.
	B. The completed liner shall be smooth and free from honeycomb and areas of segregation.
	C. When geopolymer lacks uniformity, exhibits segregation, honeycombing, or laminations, or contains dry patches, slugs, voids or sand pockets the Contractor shall remove and replace the defective geopolymer.  The City of Newark’s concurrence in the extent of removal and replacement is required.
	D. If the compressive strength or flexural strength of installed liner is less than 90% of the specified values, the product is considered unacceptable.  Contractor shall submit proposed method of repair or replacement for review and approved by the City of Newark.  Repair work required to remedy non-conforming work shall be at no additional cost to the City of Newark.
	E. If it is determined that the geopolymer liner material did not match the submitted manufacturers claims, the product is considered unacceptable and non-conforming.  Contractor shall submit proof that the geopolymer liner meets the requirements of the specification though the use of samples analyzed or retained at the manufacturing facility or submit a method of replacement of the liner for review and approval by the City of Newark.  Work required to remedy non-confirming work shall be at no additional cost to the City of Newark.

	3.16 WARRANTY INSPECTION:
	A. A Warranty Inspection shall be made by the Inspector and Applicator not less than 12 months after the establishment of Final Acceptance, but not more than 18 months afterwards. Any deficiencies in the finished coating shall be marked and repaired by the Applicator according to the procedures set forth herein.
	B. At the completion of the Warranty Inspection, and once all repairs have been made and accepted, a video inspection DVD and log (1 copy of both) of the completed line segments shall be submitted to the Engineer by the Contractor in a format acceptable to the City of Newark. This inspection shall be performed by a color video inspection system. The finished Geopolymer shall be continuous over the entire length of all runs and be free of dry spots. No infiltration of groundwater shall be observed. All service entrances shall be accounted for and shall be unobstructed.  All defects shall be repaired.



